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@For many years Surface 

Combustion Industrial Fur- 

mace Engineers have been 

making heat treating history 

through the development and application 

of prepared atmospheres to established 

processes such as carburizing, hardening, 

normalizing, annealing, forging, etc. 

Today RX, DX, CG, NX and Char-Mo 

Gases are standard with metal processing 
and working industries. 

During the past year announcements 

were made from the Surface Combustion 

Development Laboratory, of new advance- 


ments in the Science of Gas Chemistry 
and Heat Treating. To date these have 
included — 


*¥ Bright Gas Quenching, and 
Gas Pickling of Cold Rolled Steel 


The application of Gas Chemistry to 
Heat Treating presents possibilities of tre- 
mendous importance to the metal working 
industry. The approach is basic—and, 
with a background of years of continuous 
heat treating research, Surface Combustion 
is an ideal reference source for your heat 
treating problems—now and for the future. 


TOLEDO 1, OHIO 


MBUSTION 


XS ~ Standord and Special Industrial Furnace Equipm: for: 
Forging, Normalizing, Annealing, Hardening, Dre -'"9 
Carburizing, Nitriding and Heating. Special Atmos. ‘ere 
Generators. Write for bulletins. 
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All steps for providing hardenability data 
will be demonstrated 


In Booth 141-B at the National Metal Congress, 
Ryerson plans to conduct Jominy End-Quench 
Hardenability Tests and to explain how harden- 
ability results can be interpreted in terms of phys- 
ical properties for quenched and drawn alloy 
bars of various sizes. If you attend the show, 
don’t miss this unique Ryerson display. 

Ryerson has always exercised close control 
over alloy steel quality, and for a number of 
years has furnished the chemical analysis and 
heat treatment response data with each alloy 
shipment. Now, this service has been extended 
under the Certified Steel Plan to give new added 
hardenability information, which makes Ryerson 
service even more helpful than before. 

A new type of report, containing both harden- 
ability and analysis data, now is being sent with 
each Ryerson alloy steel shipment. In addition to 
the chemical analysis, every heat of alloy destined 
for Ryerson stocks is subjected to a series of end- 


NATIONAL METAL CONGRESS CLEVELAND OCTOBER 16-20 BOOTH 14I-B 


JOSEPH T. RYERSON & SON, INC. 


Steel-Service Plants: CHICAGO + MILWAUKEE 
CLEVELAND + PITTSBURGH + PHILADELPHIA 
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quench tests. The results of these tests are inter- 
preted through tables of known physical rela- 
tionships to reveal obtainable tensile strength, 
yield point, elongation, and reduction of area for 
bars up to 4 inches in diameter, that have been 
quenched and drawn at 1000°, 1100° and 1200° F. 
The Ryerson Alloy Steel Report includes all this 
test data plus a recommendation of working 
temperatures. 

Whether you order a single bar or many tons, 
you are assured of a report covering all alloys 
shipped. All Ryerson alloys are identified with 
color markings according to type of steel. Large 
bars are individually stamped, smaller bars are 
bundled and tagged with an unmistakable heat 
symbol. The identification is cross referenced 
between steel and report sheet so that any steel 
can be quickly verified. 

Investigate! Make sure you are getting this 
important help. 


DETROIT + ST. LOUIS + CINCINNATI 
* BUFFALO + NEW YORK -_ BOSTON 
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CONSOLIDATED PROGRAM 


National Metal Congress 


and War Conference Display 


AMERICAN SOCIETY FOR MeETALs @ 
AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS (A.I.M.E.) 


AMERICAN WELDING Society (A.W.S. ) 
SOCIETY FOR ExPpERIMENTAL StrEss ANALYsIs (S.E.S.A. ) 


Monday, Oct. 16, 1944 


9:30 A.M. © Session on Surface Hardening; Hotel 
Statler 

9:30 A.M. © Session on Hardenability; Hotel Statler 

9:30 A.M. © Session on Non-Ferrous Metals; Hotel 
Statler 

9:30 A.M. A.W.S. Opening Session on Welding Aids 
the War Effort; Presentation of Medals and Prizes; 
Hotel Cleveland 

10:30 A.M. A.I.M.E. (Institute of Metals Division) 
Session on Magnesium; Hotel Statler 

11:30 A.M. @ Victory Session; Hotel Statler 

12:00 M. War Conference Display opens; Public 
Auditorium 

2:00 P.M. & Group Meeting on Metal Cutting and 
Tool Materials; Music Hall, Public Auditorium 

2:00 P.M. © Group Meeting on Light Weight Con- 
struction, Ballroom, Public Auditorium 

2:00 P.M. A.I.M.E. (Institute of Metals Division) 
Session on Grain Size of Magnesium; Hotel Statler 
2:00 P.M. A.I.M.E. (Jron and Steel Division) General 
Session; Hotel Statler 

2:00 P.M. A.W.S. Session on Welding and Cutting in 
Heavy Industries; Llotel Cleveland 

2:00 P.M. A.W.S. Railroad and Transportation Ses- 
sion; Hotel Cleveland 

2:00 P.M. A.W.S. Weldability Session; Hotel Cleve- 
land 


4:00 P.M. & Group Meeting on Surface Finishes and 
Protection; Music Hall, Public Auditorium 


4:00 P.M. © Group™ Meeting on Sub-Zero Treat- 


ments; Ballroom, Public Auditorium 
8:00 P.M. A.W.S. Adams Lecture; Hotel Cleveland 


8:00 P.M. American Industrial Radium and X-Ray 
Society (Cleveland Section Regular Meeting); Hotel 
Hollenden 


8:30 P.M. & Group Meeting on What's New in the 
Study of Corrosion; Music Hall, Public Auditorium 


8:30 P.M. @ Group Meeting on Induction Heating 
(Electronics in Overalls); Ballroom, Public Auditorium 


10:30 P.M. War Conference Display closes 


AMERICAN INDUSTRIAL RapIuM AND X-Ray Society (X-Ray) 


Tuesday, Oct. 17, 1944 


9:30 A.M. @ Session on Physical Properties; Hotel 
Statler 

9:30 A.M. © Session on Hardenability; Hotel Statler 

9:30 A.M. & Session on Aluminum and Magnesium 
Alloys; Hotel Statler 

9:30 A.M. A.I.M.E. (Institute of Metals Division) 
Symposium on Creep of Non-Ferrous Metals and 
Alloys; Hotel Statler 

9:30 A.M. A.W.S. Resistance Welding Session; Hotel 
Cleveland 

9:30 A.M. A.W.S. Research Session; Hotel Cleveland 
9:30 A.M. A.W.S. Structural Session; Hotel Cleveland 

10:00 A.M. A.I.M.E. ([ron and Steel Division) General 
Session; Hotel Statler 

10:00 A.M. S.E.S.A. Opening and Technical Session; 
Hotel Carter 

11:30 A.M. @ Victory Session; Hotel Statler 

12:00 M. War Conference Display opens; Auditorium 

12:30 P.M. A.I.M.E. (Tron and Steel Division) Execu- 
tive Committee Luncheon and Business Meeting; 
Hotel Statler 

2:00 P.M. @ Group Meeting on the Hardenability 
Band as a Basis for Bowe wna and Use of Steel; Music 
Hall, Public Auditorium 

2:00 P.M. © Group Meeting on Magnesium; Ball- 
room, Public Auditorium 

2:00 P.M. A.I.M.E. (Institute of Metals Division) 
Symposium on Creep of Non-Ferrous Metals and 
Alloys; Hotel Statler 

2:00 P.M. A.I.M.E. (Institute of Metals Division) 
Non-Ferrous Production Metallurgy; Hotel Statler 
2:00 P.M. A.1I.M.E. (Iron and Steel Division) Sym- 
posium on Recent Developments in Dilatrometric 
Analysis; Hotel Statler 

2:00 P.M. A.W.S. Resistance Welding Session; Hote! 
Cleveland 

2:00 P.M. A.W.S. Research Session; Hotel Cleveland 
2:00 P.M. A.W.S. Session on Ships; Hotel Cleveland 
2:00 P.M. Metal Powder Association Technical 5e- 
sion; Meeting Room A, Public Auditorium 


2:30 P.M. S.E.S.A. Technical Session; Hotel Carte: 
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4:00 P.M. © Group Meeting on Surface Peening to 
Increase Endurance; Music Hall, Public Auditorium 


4:00 P.M. © Group Meeting on Instruments for 
Quality Control—A. Measurement of Linear Dimen- 
sions, Ballroom, Public Auditorium 


6:00 P.M. A.I.M.E. and Annual Fall 
Dinner, Metals Divisions; Hotel Statler 

8:00 P.M. A.W.S. University Research Conference; 
Hotel Cleveland 


8:30 P.M. & es, Meeting on National Emergency 
Steels and Hardenability Specification From the Con- 
sumer’s Standpoint; Music Hall, Public Auditorium 

8:30 P.M. & Group Meeting on Tin, Tin Alloys, Tin 
Coatings; Ballroom, Public Auditorium. 


10:30 P.M. War Conference Display closes 


Wednesday, Oct. 18, 1944 


7:30 A.M. @ Chapter Chairmen’s Breakfast; Statler 

8:30 A.M. Industrial Gas Breakfast and Round Table: 
Hotel Hollenden 

9:30 A.M. © Annual Meeting; Hotel Statler 

9:30 A.M. A.W.S. Session on Aircraft; Hotel Cleveland 

9:30 A.M. A.W.S. Session on Research; Hotel Cleve- 
land 

9:30 A.M. Metal Powder Association Business Meet- 
ing; Hotel Statler 

10:00 A.M. A.W.S. (Weldability Research Committee) 
Open Session; Hotel Cleveland 

10:00 A.M. S.E.S.A. Symposium on Crankshaft Stresses; 
Hotel Carter 

10:30 A.M. @ Campbell Lecture; Hotel Statler 

12:00 M. War Conference Display opens; Auditorium 
2:00 M. © Canadian Luncheon; Hotel Statler 

12:15 P.M. International Acetylene Association Annual 
Business Meeting and Luncheon; Hotel Statler 

12:30 P.M. A.1.M.E. (Institute of Metals Division) 


Executive Committee Luncheon and _ Business 
Meeting; Hotel Statler 

2:00 P.M. & Group Meeting on Metals for Rail- 
roads; Music Hall, Public Auditorium 

2:00 P.M. & Group Meeting on New Trends in 
Metallurgical Heating; Ballroom, Public Auditorium 

2:00 P.M. A.ILM.E. (Institute of Metals Division) 
General Session; Hotel Statler 

2:00 P.M. A.I.M.E. (Tron and Steel Division) Sym. 
posium on Steelmaking; Hotel Statler 

2:00 P.M. A.W.S. Session on Aircraft; Hotel Cleveland 
2:00 P.M. A.W.S. Session on Machinery; Hotel Cleve- 
land 

2:00 P.M. A.W.S. Session on Piping and Pressure 
Vessels; Hotel Cleveland 

2:30 P.M. S.E.S.A. Technical Session; Hotel Carter 
1:00 P.M. & Group Meeting on Products From Metal 
Powders; Music Hall, Public Auditorium 


1:00 P.M. @& Group Meeting on Instruments for 
Quality Control—B. Means to Establish Identity: 
Ballroom, Public Auditorium 

6:30 P.M. A.W.S. Section Officers Dinner and Con- 
ference; Hotel Cleveland 

8:30 P.M. @& Group Meeting on Manufacture of 
Quality Steels; Music Hall, Public Auditorium 

5:30 P.M. & Group Meeting on Instruments for 
(Quality Control—C. Detection and Measurement of 
Internal Defects; Ballroom, Public Auditorium 


10:30 P.M. War Conference Display closes 


Thursday, Oct. 19, 1944 


9:30 A.M. @ Session on Melting and Special Alloys; 
Hotel Statler 


9:30 A.M. S Session on Toolsteel; Hotel Statler 

9:30 A.M. @& Session on Radiography and Testing; 
Hotel Statler 

9:30 A.M. A.W.S. Foundry Session; Hotel Cleveland 


9:30 A.M. A.W.S. Miscellaneous Session; Hotel Cleve- 
land 


10:00 A.M. X-Ray Technical Session; Hotel Hollenden 

10:00 S.E.S.A. Technical Session; Hotel Carter 

11:30 A.M. (=) Victory Session; Hotel Statler 

12:00 M. War Conference Display opens; Public 
Auditorium 


12:00 M. College Alumni Luncheons; Hotel Statler 
and Hotel Hollenden 


12:00 M. Resistance Welders Manufacturers Associa- 
tion Monthly Business Meeting; Hotel Cleveland 


12:30 P.M. A.1.M.E. (Tron and Steel Division) Physical 
Chemistry of Steelmaking Committee, Lancheon and 
Business Meeting; Hotel Statler 


2:00 P.M. & Group Meeting on New Aluminum 
Alloys for Peacetime Uses; Music Hall, Public Audi- 
torium 


2:00 P.M. © Group Meeting on Salt Baths; Ballroom, 
Public Auditorium 


2:00 P.M. A.W.S. Business Meeting; Hotel Cleveland 


2:00 P.M. X-Ray Annual Meeting and Mehl Lecture; 
Hotel Hollenden 


3:00 P.M. A.W.S. Board of Directors Meeting; Hotel 
Cleveland 


4:00 P.M. @ Group Meeting on Quality Control by 
Statistical Methods; Music Hall, Public Auditorium 


4:00 P.M. © Group Meeting on Instruments for 
Quality Control—D. Atmosphere and Combustion; 
Ballroom, Public Auditorium 


6:00 P.M. War Conference Display closes 
6:30 P.M. S.E.S.A. Dinner; Hotel Carter 
7:00 P.M. @ Annual Dinner: Hotel Statler 


Friday, Oct. 20, 1944 
9:30 A.M. © Session on Chromium and Molybdenum 
Alloys; Hotel Statler 


9:30 A.M. © Session on Fracture and Grain Size; 
Hotel Statler 


9:30 A.M. © Session on Rolling and Graphitization; 
Hotel Statler 


10:00 A.M. X-Ray Technical Session; Hotel Hollenden 
10:00 A.M. S.E.S.A. Technical Session; Hotel Carter 
11:30 A.M. ~ Victory Session; Hotel Statler 


12:00 M. War Conference Display opens; Public 
Auditorium 


2:00 P.M. Meeting on Heat _Treatment; 
Music Hall, Public Auditorium 


2:00 P.M. © Group Meeting on Improved Gray lron 
Castings; Ballroom, Public Auditorium 


2:00 P.M. X-Ray Technical Session; Hotel Hollenden 


2:30 P.M. S.E.S.A. Special Session on Electrical Strain 
Gage Techniques; Hotel Carter 


10:30 P.M. National Metal Congress and War Con- 


ference Display ends. 
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AS Technical 


Monday, October 16 


9:30 A.M. — Surface Hardening 


LATTICE ROOM 


Practical Aspects of the Selection of Fre- 
quency and Time for the Processing of 
Metallic Parts with Induction Heating 


by W. Benninghoff 
and H. B. Osborn, Jr. Ohio Crankshaft Co. 


Induction Hardening of Plain Carbon Steels 
by D. L. Martin and F. bk. Wiley, General Electric Co. 


Shot for Metal Peening 
by O. F. Harder and J. T. Gow, Battelle Memorial Institute 


9:30 A.M. — Hardenability 


GRAND BALLROOM 


Rates of Tempering in Cobalt Steels 
by A. Loria, Carnegie-Ilinois Steel Corp. 


Isothermal Transformation and End- 
Quench Hardenability of Some NE Steels 
by R. L. Rickett 

J. G. Cutton 

C. B. Bernhart, Jr. 

and J. R. Millikin 


Lnited States Steel Corp. 


Further Developments of the 
Knd-Quench Hardenability Test 
by C. R. Wilks 
harnshaw Cook American Brake Shoe Co 
and Howard S. Avery 


\ Hardenability Test for Low Car- 
bon and Shallow Hardening Steels 
by O. W. MeQMullan, Youngstown Sheet & Tube Co. 


9:30 A.M. — Non-Ferrous Metals 
SALLE MODERNE 


\ Survey of Wrought Mag- 


nesium Alloy Fabrication. 
by J. V. Winkler, Dow Chemical Co, 


The Copper-Manganese Equilibrium System 
by R. S. Dean 
J. R. Long 
T. R. Graham -U.S. Bureau of Mines 
Potter 
and bk. 7. Hayes 


Properties of Transitional Struc- 
ture in Copper-Manganese Alloys 
by R. S. Dean) 
“BE. Potter (U.S. Bureau of Mines 
and J. R. Long 


Age Hardening Copper-Manganese-Nickel Alloys 
by R. S. Dean 

J. R. Long 

T. R. Graham 

and C. Matthews 


U.S. Bureau of Mines 


11:30 A.M. — Victory Session, by the Navy 


GRAND BALLROOM 


All morning meetings are at the Hotel Statler, Cleveland 


Simultaneous Morning Sessions 
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Meetings © 


Tuesday, October 17 


9:30 A.M. — Physical Properties 
SALLE MODERNE 


The Mechanism of Failure of 18 Cr, 

8 Ni Cracking Still Tubes 
by C. L. Clark, Timken Roller Bearing Co 
and J. W. Freeman, University of Michigan 


Capillarity of Metallic Surfaces 
by EF. R. Parker, University of California 
and R. Smoluchowski, General Electric Co 


The Effect of Fiber on Notched Bar Tensile Strenet) 
Properties of a Heat Treated Low Allow Stee! 
by G. Sachs, J. D. Lubahn 
L. J. Ebert ‘Case School of Applied Science: 
and Fk. L. Aul 


The Effects of Notches of Varying Depth on the 
Strength of Heat Treated Low Allow Steels 
by G. Sachs 
J. D. Lubahn »Case School of Applied Science 
and L. J. Ebert 


9:30 A.M. — Hardenability 
LATTICE ROOM 
The Effeet of Carbon Content on Hardenability 
by S. Rowland 


and J. J. Russ 


\ir-Hardenability of Steels 
by C. B. Post 
M. C. Fetzer Carpenter Steel Co 
and W. H. Fenstermacher | 


The Partition of Molybdenum in Steel 
and Its Relation to Hardenability 
by Fred Bowman, Climax Molybdenum 


The Rate of Diffusion of Molyb- 


denum in Austenite and in Ferrite 
by John L. Ham, Climax Molybdenum ‘+ 


9:30 A.M. — Aluminum and Magnesium Alloys 
GRAND BALLROOM 


New Developments in High 
Strength Aluminum Alloy Products 
by H. Dix, Jr., Aluminum Co. of \meres 


Aluminum Alloy Forging Materials and Design 
by L. W. Davis, Aluminum Co, of Amerie 


The Properties of Aluminum Alloys Melted 
in an Induction Heated Crucible Furnace 
by James W’. Poynter, Army Air Forces, Wright ie 


Magnesium Sheet 
by P. T. Stroup and G. F. Sager, Aluminum Co, of \mer™ 
and J. B. West, American Magnesium \°" 


11:30 A.M. — Victory Session, by the Indust" 


GRAND BALLROOM 
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Thursday, October 19 


9:30 A.M. — Melting and Special Alloys 
EUCLID BALLROOM 


\ Comparison of Aluminum and Titanium 

oxidation for Preventing Strain Aging 
mbrittlement in Low Carbon Steel 
by ©. F. Comstock and J. R. Lewis, Titanium Alloy Mfg. Co, 


he Ar’ Reaction in Some lron-Cobalt-Tungsten 
\lloys and the Same Modified With Chromium 
by W. Po Sykes, General Electric Co. 


lhe Basie Electric Melting Proce- 
ure for High Quality Alloy Steels 
by A. L. Ascik, Sorel Industries, Ltd. 


9:30 A.M. — Toolsteel 
GRAND BALLROOM 
the Dimensional Stability of Steel—-Part I—Sub- 
tmospheric Transformation of Retained Austenite 
by S. G. Fletcher 
and Morris Cohen 


Massachusetts Institute of Technology 


\ Study of Subzero Treatments Applied to 
Molybdenum-Tungsten High Speed Steel 
by R. G. Kennedy, Jr., Cleveland Twist Drill Co. 


\perrments of Sodium Cyaniding of 
ligh Speed Steel Prior to Hardening 
by John MeIntyre, International Business Machines Co. 


9:30 A.M. — Radiography and Testing 


LATTICE ROOM 


\ Comparison of Microhardness Indentation Tests 
by Douglas R. Tate, National Bureau of Standards 


‘mproved Sensitivity in Double Exposure Radiography 
by James Rigbey, Ford Motor Co. of Canada 


The Interpretation of Radiographs; 
‘articularly Aireraft Parts 
by Leslie W. Ball, Triplett & Barton, Ine. 


11:30 A.M. — Victory Session, 
by the Ordance Dept. 
GRAND BALLROOM 


All morning meetings are at the Hotel Statler, Cleveland 


9:30 A. M., Wednesday, October 18 


Annual Meeting of the American Society for Metals 
GRAND BALLROOM, HOTEL STATLER 


1944 Edward de Mille Campbell Memorial Lecture 
by G. R. Fitterer, University of Pittsburgh 


Simultaneous Morning Sessions 
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Friday, October 20 


9:30 A.M.—Chromium and Molybdenum Alloys 


EUCLID BALLROOM 


Chromium Steels of Low Carbon Content 
by Russell Franks, Union Carbide and Carbon Research Labs. 


Characteristics and Properties of Some 
Cast Chromium-Molybdenum Steels 
by \. A. Ziegler and WL, Meinhart, Crane Co, 


The Segregation of Molybdenum in Phos- 


phorus Bearing Alloyed Gray Cast Lron 
by F. B. Rote, Wyman-Gordon Co. 
and HW. P. Wood, University of Michigan 


9:30 A.M. — Fracture and Grain Size 
GRAND BALLROOM 
Fractography 4 New Tool 
for Metallurgical Research 


by Carl A. Zapffe 


stless i Steel 
end Masen Cleag, Ir. Rustless Iron and Steel Corp 


Cleavage Structures of Iron-Silicon Alloys 
by Carl A. Zapffe\ Rustless tron and Steel Corp. 
and Mason Clogg, Jr. 


Grain Shape and Grain Growth 
by David Harker, General Electric Co. 
and Earl R. Parker, University of California 


Fracture Studies of Soldered Joints 
by F. Berman and R. H. Harrington, General Electric Co 


9:30 A.M. — Rolling and Graphitization 
LATTICE ROOM 


Annealing Studies on Cold-Rolled 


Iron and Iron Binary Alloys 
by C. R. Austin 
L. A. Luini Pennsylvania State College 


and R. W. Lindsay 
The Effect of Cold Rolling on the 


Structure of Hadfield Manganese Steel 
by Norman P. Goss, Cold Metal Products Co. 
Factors Controlling Graphitization of Car- 
ben Steels at Subcritical Temperatures 
by C. R. Austin, Pennsylvania State College 
' and M. C. Fetzer, Carpenter Steel Co. 


11:30 A.M. — Victory Session, by the Air Forces 


GRAND BALLROOM 
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Group Meetings & Discussions* & 
(Topics of the Times) 


Monday Tuesday | Wednesday | Thursday | Friday 


October 16 October 17 October 18 October 19 October 20 


AFTERNOON MEETINGS AT 2:00 P.M. IN MUSIC HALL, CLEVELAND PUBLIC AUDITORIUM 
The Hardenability Band | 

ie Basis oa Metals for | New Aluminum Alloys Heat 
| Railroads | for Peace-Time Uses | Treatment 


Metal Cutting 
and Tool Materials | 


AFTERNOON MEETINGS AT 2:00 P.M. IN BALL ROOM, CLEVELAND PUBLIC AUDITORIUM 


Magnesium— New Trends in | | linproved 
Co © | Problems in Fabricating Metallurgical Salt Baths | Gray Iron 
vonstruction | and Utilization Heating Castings 


AFTERNOON MEETINGS AT 4:00 P.M. IN MUSIC HALL, CLEVELAND PUBLIC AUDITORIUM 


~ Products From Quality Control by 


to Increase Fatigue 
Resistance | Metal Powders | Statistical Methods | 


AFTERNOON MEETINGS AT 4:00 P.M. IN BALL ROOM, CLEVELAND PUBLIC AUDITORIUM 


Surface Finishes 
and Protection 


| Instruments for 
Instruments for | Instruments for | Quality Control; 

reatments J Measurement oO eans to for Atmosphere 


| Linear Dimensions Establish Identity | 
EVENING MEETINGS AT 8:30 P.M. IN MUSIC HALL, CLEVELAND PUBLIC AUDITORIUM 


What's New in the | National Emergency Steels | 


Study of Corrosion | and Hardenability Manufacture of | 
(Round Table Specifications From the Quality Steels | 
Discussion) Consumer’s Standpoint | 


EVENING MEETINGS AT 8:30 P.M. IN BALL ROOM, CLEVELAND PUBLIC AUDITORIUM 
| Instruments for 
Induction Heating Quality Control; 
(Electronics Pin, Tin Alloys, C—Detection and 
in Overalls) Tin Coatings | Measurement of 
| Internal Defects | 


* How to Get 
to the Group Meetings: 


on Upper Levé 
Through Exhibits on 7* 1s 
‘ > 
rom Lobby. | 
an Sane & “Gin Lobby 
Leve/ 23 Stage = 6 (Registration 
Arena Ey hibits ts in Arena | 
j Meetings in Music Hall * : 
4 


Ei ws to Ball Room 


To Lobby of 
Music Hell 


from Hotes Fast Suth Street — 
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Society for Experimental Stress Analysis 


All Meetings at Hotel Carter, Cleveland 


— 
Tuesday, October 17 Thursday, October 19 
2) 
10:00 A.M. — Technical Session 10:00 A.M. — Technical Session 
GRAND BALLROOM, HOTEL CARTER GRAND BALLROOM, HOTEL CARTER 
Shot Peening to Improve Fatigue Resistance The Application of Stress Models 
nt by O. J. Horger\, to Specific Structural Problems 
: ‘The Timken Roller Bearinz Co. 
and H. R. Neifert{*"° **™sen Mote by S. F. Tingley, Goodyear Aircraft Corp 
Plastic-Flow Problems by Photo-Grid Methods Electrical Analogy for Shear Lag Problems 
: by J. F. Harding) Armour Research Foundation by R. EF. Newton, Curtiss-Wright Corp 
Electric Method for the Solution of Laplace’s Equation 
Load Distribution in Riveted and Spot-Welded Joints Columbia Univereite 
by M. Goland and L. D. Morris, Curtiss-Wright Corp. F 
6:30 P.M. — Annual Dinner 
2:30 P.M. — Technical Session 
GRAND BALLROOM, HOTEL CARTER 
GRAND BALLROOM, HOTEL CARTER 
Residual Stress Studies of Life — 
Improving Surface Treatments Friday, October 20 
by R. W. Greaves) 
E. C. Kirstowsky ;Chrysler Corp. 10:00 A.M. — Technical Session 
and C. Lipson} 
f GRAND BALLROOM, HOTEL CARTER 
New Approaches to Engineering Design 
by E. E. Stilson Precision Determination of Weight 
R. H. Peterson Bendix Aviation Corp. by Means of Bonded Strain Gages 
and R. C. Pocock by A. L. Thurston, Cox & Stevens Aircraft Corp. 
and R. W. Cushman, The Foxboro Co. 
Wednesday, October 18 The Magne tic Coupled Torque Meter 
by B. F. Langer, Westinghouse Research Laboratories 
10:00 A.M. — Symposium on Crankshaft Stresses — Impact Stress Analysis by Brittle Coatings 
by G. Ellis, Magnaflux Corp 
GRAND BALLROOM, HOTEL CARTER : 
2:30 P.M. — Electrical Strain Gage Techniques 
Structural Evolution of a Crankshaft es 
by S. Oldberg and C. Lipson, Chrysler Corp. GRAND BALLROOM, HOTEL CARTER 
sa Determination of Operating Electric Gaging Systems: 
Loads and Stresses in Crankshafts Their Selection and Application 
by A. Goloff, Caterpillar Tractor Co. by H.C. Robert, University of Mlinois | 
Built Rolls ay of | ye kard Open Forum for Discussion on Char- 
ult Rolls-Royee Crankshafts 
acteristics of Amplifiers, Characteristics 
by M. L. Frey, Packard Motor Car Co. 
of Galvanometers, Calibration Circuits. 
. Methods of Recording, Use of Crvystals 
P.M Symposium on Crankshaft Stresses in Stress Analysis, and Additional 
GRAND BALLROOM, HOTEL CARTER Topics Put Forward by the Audience | 


tull Seale Fatigue Testing of Crankshafts 
by C. W. Gadd 
and \. A. Ochiltree 


General Motors Research Laboratories 


Determining Crankshaft Durability for In- 
reased Performance of In-Line Engine 
by W. Osborn, Sterling Engine Co 


October, 1944; Page 619 


| 
| 
iL 
| 


Iron and Steel Division 


M onday, October 16 
2:00 P.M. — General Session 
PINE ROOM, HOTEL STATLER 


Recovery of Cold Worked Aluminum-lron as 
Detected by Changes in Magnetic Properties 
by J. S. Stanley, Westinghouse Electric and Mfg. Co. 


Distribution of Carbon Between 


Titanium and in Steels 
by W.P. Fishel and Bryson Robertson, Vanderbilt University 


Transformation of Austenite in a 
3% Chromium, 1% Carbon Steel 
by bk. P. Klier, Pennsylvania State College 


Tuesday, October 17 
10:00 ALM. — General Session 


PINE ROOM, HOTEL STATLER 


A Test for Hydrogen Embrittlement and Its Ap- 
plication to 17% Cr, 1% C Stainless Steel Wire 
by C. A. Zapffe 


and M. Eleanor Haslein Rustless Iron and Steel Corp 


ffeet of Time Storage on Due- 
tility of Welded Test Specimens 
by ©. ke. Jackson and G. G. Luther, Naval Research Laboratory 


12:30 P.M.—Luncheon and Business Meeting 
of Executive Committee 


2:00 P.M. — Symposium on Recent Developments 
in Dilatometric Analysis 


PINE ROOM, HOTEL STATLER 


Dilatometric Analysis of Sub- 


Transformations 
ry R. D. Potter, Massachusetts Institute of Technology 


\ High-Speed Dilatometer and the 
Transformational Behavior of Six Steels 
by A. L. Christiansen 
kk. C. Nelson »Naval Research Laboratory 
and ©. Jackson 


Dilatometric Studies on the 
Growth of Gray Cast lron by NV. A. Ziegler, Crane Co. 


Precise Expansion Measurements on 
Non-Ferrous Alloys and Glasses 

by W. kb. Kingston, Sylvania Electric Products, Ine. 
An Interference Type Dilatom- 


eter and Some typical Results 
by WL. Fink and L, A. Willey, Aluminum Co. of America 


6:00 P.M. — Reception and Annual Fall Dinner 
of the Metals Divisions 


EUCLID ROOM, HOTEL STATLER 


American Institute of 


Mining and Metallurgical Engineers 
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Wednesday, October 18 


2:00 P.M. — Symposium on Steelmaking 


ELCLID ROOM, HOTEL STATLER 


Theoretical and Practical Aspects of De- 
oxidation in Basic Openhearth Practice 
by T. S. Washburn, Inland Steel © 


Slag-Metal-Oxygen Re ‘lationships in the 


Basic Ope nhearth and Electric Processes 
by J. S. Marsh, Bethlehem Steel ( 


\ Rapid Laboratory Method for Esti- 
mating Basic ‘ity of Ope ‘nhearth Slag 
by WH. O. Philbrook 
1. H. Jolly, Jr. »Wisconsin Steel Work: 
and T. R. Henry, 


Application of pH Slag Basicity Measure- 
ments to Basic Openhe arth Phosphorus Control 
by Michael Tenenbaum and C. C. Brown, Inland Steel © 


Thursday, October 19 


12:30 P.M. — Luncheon and Business Meeting. 
Committee on Physical Chemistry of 
Steel Making 


Institute of Metals Division 


Monday, October 16 


10:30 A.M. — Magnesium 


PINE ROOM, HOTEL STATLER 


The Relationship Between Magnesium Core 
Sand Mixtures and the Burning of Magnesium 
by O. J. Myers, Wright Aeronautical | 


Solubility of Manganese in Magnesium 
by \. Tiner, Pe -+rmanente Metals Cor 


2:00 P.M. — Grain Size of Magnesium 


EUCLID ROOM, HOTEL STATLER 


Grain Size and Properties of 
Sand Cast Magnesium Alloys 
by R. S. Busk and C. W. Phillips, Dow Chemical ' 


Factors Affecting Abnormal Grain 
Growth of Magnesium Alloy Castings — 
by A. T. Peters 
R. S. Busk »>Dow Chemica! 
and H. E. Elliott 


Grain Size of Sand Cast Magnesium Alloys 
by Occar Blohm, Hills-MecUanna 


Institute of Metals Program 
continued on next page 
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Tuesday, October 17 


0:30 A.M. and 2:00 P.M. — Symposium on Creep 
of Non-Ferrous Metals and Alloys 


EUCLID ROOM, HOTEL STATLER 


\pplication of Non-Ferrous Alloys in Stress Design 
by J. J. Kanter, Crane Co. 


Creep Test Methods and the 
Interpretation of ireep Data 
by P. G. MeVetty, Westinghouse Electric and Mfg. Co. 


Creep Characteristics of a Phosphorized Copper 
by \. L. Burghoff and A. I. Blank, Chase Brass and Copper Co. 


Creep Properties of Cold Drawn 
\nnealed “B” Monel and Inconel 
by B. B. Betty 
H. L. EKiselstein -International Nickel Co. 
and F.. P. Huston, Jr. 


Notes on the Elevated Temperature Prop- 
erties of Some Cast Copper-Base Alloys 
by H. E-. Montgomery, The Lunkenheimer Co. 


Creep Data on Die Cast Zine Alloy 
by bE. H. Kelton and B. B. Grissinger, New Jersey Zine Co. 


Creep Properties of Some Rolled Lead Alloys 
by 4. 4. Smith, Jr., American Smelting and Refining C« 


Thursday, October 19 
10:00 A.M. — Technical Session 


\utomatic Film Processing and Equipment 
by Robert Sarderson 


\-Ray and W elding Control by John J. Chyle 


\ Practical Comparison of 
Hluoroscopy with Radiography 


by Robert Mayer 


Filtration 


by Don M. McCutcheon, Ford Motor Co. 


2:00 P.M. — Annual Meeting; Mehl Lecture 


} lee tion of ( 


\ddress by Retiring President 
Maynard B. Evans, Jr., Ternstedt Mfg. Division, 
General Motors Corp. 


> rimental Stress Analysis in 
‘adiographieally Sound Materials 
by George L. Clark, University of Illinois 


. 
Presentation of Mehl Lecture Award 


by M. B. Evans 


Program of the Institute of 


1merican Industrial Radium and X-Ray Society 


All Meetings in Ballroom, Hollenden Hotel, Cleveland 
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Metals Division (Continued) 


2:00 P.M. — Non-Ferrous Production Metallurgy 
LATTICE ROOM, HOTEL STATLER 


Tin Smelting and Metallurgy 
by C. L. Mantell, Consultant Chemical Engineer 


Beryllium by Donald M. Liddell, Consulting Engineer 
Its Metallurgy and Refining 

by Chung Yu Wang, Wah Chang Trading Corp. 
and Guy C. Riddell, Consulting Mining Engineer 


Antimony: 


Modern Quicksilver Reduction Plants 
by G. I. Gould, HU. W. Gould & Co, 


6:00 P.M. — Reception and Annual Fall Dinner 
of the Metals Divisions 


EUCLID ROOM, HOTEL STATLER 


Wednesday, October 18 


2:00 P.M. — General Session 
PINE ROOM, HOTEL STATLER 


Orientation Structure on the Surface of Cast Metals 
by Gerald Edmunds, New Jersey Zine Co, 


The Hardness of Silver-Antimony Solid Solutions 
by R. M. Treco and J. H. Frye, Jr., Lehigh University 


Substitute Solders of the 85-15 Lead-Tin Type 
by James B. Russell \ 
Naval Research 


Laboratory 


Friday, October 20 
10:00 ALM. — Technical Session 


(Quality Control of Radiographs 


by a Direct Density Check by Alvin F. Cota 


A Simplified Method of Film Evaluation 
by E-merv Meschter 


Method of Determining Metal 
Thickness Radiographically 
by H. P. Moyer and P. L. Kline 


Three Dimensional Radiography by Douglas Wineck 


2:00 P.M.—Technical Session 


Requirements in Specifications for 


Uniform Radiographic Technique — by George A. Russ 


The Use of Static Tests as a Method of Deter- 
mining the Radiographic Classification of Castings 
by F. S. Wyle 


An Example of Electron Images 


in Million Volt Radiography by Al Morris 


The Three Functions of the Radiographic Interpreter 
. Ball 


by Leslie 


| 
iA 
| 
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American Welding Society Program 


All meetings are at Hotel Cleveland, Public Square 


Monday, October 16 
9:30 A.M. — Welding Aids the War Effort 


Presentation of Medals and Prizes 


Welding as an Aid in Shipbuilding Construction 
by Admiral H. L. Vickery, U. 5. Maritime Commission 


Welding as an Aid in the Fab- 
rication of Ordnance Equipment 
by Col. S. B. Ritchie, Office, Chief of Ordnance 


2:00P.M.—Weldingand Cuttingin Heavy Industries 


Fundamentals of Heavy Cuttin 
by G. L. Walker) ,. 
and H.G. Hughey |i Reduction Sales Co. 
Fabrication and Reclamation 


in Steel Mill Maintenance 
by E. W. Gruber, Wheeling Steel Corp. 


Unusual Applications of Gas 
Cutting in Ordnance Fabrication 

by C. M. Underwood, Northern Ordnance, Ine- 
Procedure Control of Autcmatic Welding Processes 


aah Be Graver Tank & M fg. Co., Inc. 


2:00 P.M. — Railroad and Transportation 


Welding of Aluminum Tank Cars 
by A. H. Woollen, Railroad Sales, Aluminum Co. of America 


Welding for Main Line Operation 
by O. K. Kjolseth, General Electric Co. 


Railroad Welding 
by John McMullen, Erie R. R. 


2:00 P.M. — Weldability 


Welding of Manganese Steels 
by W. B. Brooks 


A. G. Waggoner! Cramp Shipbuilding Co. 


High Tensile Manganese-Silicon 
Steels for Welded Fabrication 

futher\ Naval Research Laboratory 
The Bead-Weld Nick-Bend Test for Ductility 

by Naval Research Laboratory 


The Influence of Minor Variables of Weldability 
by R. D. Stout 
S. S. Tor Lehigh University 
and G. E. Doan) 


8:00 P.M. — Adams’ Lecture 


Solid Phase Welding 
by A. B. Kinzel, Union Carbide & Carbon Corp. 


Tuesday, October 17 
9:30 A.M. — Resistance Welding 


Spot Welding Machines for Heavy Gauges 
of Ferrous and Non-Ferrous Metals 


by Mario Sciaky, Sciak y¥ Bros 


Heat Transfer Across Contact Surfaces 


by W. B. Kouwenhoven, Johns Hopkins University 


Problems in Spot Welding Heavy Mild Steel Plate 


by F. R. Hensel) 
E. 1. Larsen }P. R. Mallory & Co., Ine 
and F. Holt) 


9:30 A.M. — Research 


The Effect of Postheating in Welding Alloy Steels 
by M. A. Pugacz and GC. J. Siegel, Naval Research Laboratory 


Stress Relieving Study 


by Prof. J. R. Stitt, Ohio State University 


The Effects of Heat Treatment Upon the 
Fatigue Strength of Carbon-Steel Plates 
by W. H. Bruckner and W. H. Munse, University of Illinos 


9:30 A.M. — Structural Welding 


Standard Details for Welded pein Construction 


ethlehem Steel 


by H. W. Lawson, 


Field Welded Pressure and Vari- 


able Volume Storage Tanks 


by Fred L. Plummer, Hammond Iron Works 


Welding Railroad Structures 


by T. H. Gardner, Florida East Coast Railway 


2:00 P.M. — Resistance Welding 


Low Reactance Cable for 
Portable Resistance Welders 


by Myron Zucker, Mackworth G. Rees, lo 


The Flash Welding of Alloy Steels— 
Welding Techniques and Variables 


by J. J. Riley, Taylor-Winfield Corp 


Metallurgical and Physical Character- 
istics of Flash Welded Alloy Steels 


by J. C. Barrett, Taylor-Wintield Com 


Small Portable Condenser Welding Set 


by E. M. Callender, E. G. Budd Mi. ' 


2:00 P.M. — Research 


Some Recent Doveepenante in Stainless Stee! Weldme 


by D. L. Mathias, Metal & Thermit 


Bi-axial Fatigue Strength of Low-Carbon Steels 


by George K. Morikawa 
and LeVan Griffis Illinois Institute of Techo 


Weldability Tests of Cast Steel 
by C. E. Jackson and F. S. McKenna, Naval Research 


Weldability—as-Rolled vs. Heat-Treated 


Hi 
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h Strength Constructional Steels al 
y Lt. S. A. Herres and W. L. Warner, Watertown A™ 
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American Welding Society Program 


Tuesday, October 17 


Afternoon Program, Continued 


2:00 P.M. — Welded Ships 


ontrols Required for Safe and Eco- 
somical Construction of Welded Ships 


by D. G. Maxson, Welding Consultant, Marinship Corp, 


lechnical Control of Welding in Ship Construction 


by M. H. Mackusick, California Shipbuilding Corp. 


volution of vs in Shipbuilding 
by M. \. Maltseff, Western Pipe and Steel Co. 


lultiple and Stack Machine Cutting 
by 4. H. Yoch, Air Reduction Sales Co. 


$:00 P.M. — University Research Conference 


Wednesday, October 18 
9:30 A.M. — Aircraft Welding 


apact Strength of Arc Welded Joints in Aircraft Steel 
by H. O. Klinke, Republic Aviation Corp. 


lelium Shielded Arc Welding of Stain- 
ss Steel Exhaust Collectors 
by Francis H. Stevenson, Lockheed Aircraft Corp. 


lulti-Are Welding of Aluminum Alloys 
by M. R. Rivenburgh and C. W. Steward, Curtiss-Wright Corp. 


9:30 A.M. — Research 


ntergranular Corrosion of Stainless Steel Welds 

by Wm. T. Tiffin, University of Oklahoma 
The Effect of Time and Temperature on the Re- 
ef of Residual Stresses in Low Alloy Steels 


by J. K. McDowell | 
and Lt. Col. Paul C. Cunnick pRock Island Arsenal 
evelopment and Application of Modern 
leavy Coated Are Welding Electrodes 
by D. C. Smith and W. G. Rinehart, Harnischfeger Corp. 


_ 10:00 A.M.— Open Session, 
Weldability Research Committee 


Tee-Bend Energy Weldability Test 
by Leon C Bibber, Carnegie-Mlinois Steel Corp. 
and Julius Heuschkel, Westinghouse Electric & Mfg. Co. 


2:00 P.M. — Aircraft Welding 


he Geometry of a Spot Welding 
pand Its Relation to Tip Life 
by E. D. Crawford and C. W. Steward, Curtiss-Wright Corp. 


irvey of Chemical Cleaning Practices 
t Spot Welding Aluminum Alloys 
by F. M. Morris, Kaiser Cargo, Inc., Fleetwings Div. 


0 Evaluation of Process Control of Aircraft Welding 
by P. H. Merriman, The Glenn L. Martin Co. 


Naract 
iM in 


ristics of Welding Arcs on Alumi- 
\tmospheres of Helium and Argon 
by F. A. Wassell, General Electric Co. 


Wednesday, October 18 


Afternoon Program, Continued 


2:00 P.M. — Welding of Machinery 


Production Problems and Production Control 
by E. C. Brekelbaum, Uarnischfeger Corp 


Routine Inspection and Salvage of Machinery Weld- 
ments — Rough, Partially Machined and Machined 
by James W. Owens, Fairbanks, Morse & Co. 


Welded Jigs and Fixtures 
by A. N. Kugler, Air Reduction Sales Co 


Design of Welded Machinery 
by John Mikulak, Electric Machinery Manufacturing Co. 


2:00 P.M. — Piping and Pressure Vessels 


Pressure Vessel Welding 
by Edward B. McGuire, Hamler Boiler & Tank Co 


Normalizing of Welds in Carbon-Molybdenum 
Steel Pipe by 60-Cycle Induction Heating 
by J. A. Rohrig and D. H. Corey, The Detroit Edison Co. 


Properties of Welded Joints Between Dissimilar Metals 
by E. C. Chapman \ 


and RE Lorentz ( CO™mbustion Engineering Co. 


Oxy-Acetylene Pressure Welding 
by A. R. Lytle, Union Carbide & Carbon Res. Labs. 


6:30 P.M.—Section Officers Dinner and Conference 


Thursday, October 19 
9:30 A.M. — Foundry Cutting and Welding 


Are Welding Practices in the Steel Foundry 
by Frank Kiper and Lawrence Gales, Ohio Steel Foundry 


Machine Cutting of Risers, Flame Scarfing to Remove Pad- 
ding, and Flame Gouging to Remove Webs and Defects 
by G. E. Bellew, Air Reduction Sales Co. 


Repair of Castings 
by L. A. , Chairman, Metallurgical Committee, 
General Motors Corp. 


9:30 A.M. — Miscellaneous Topics 
Low Temperature Joining 


by R. D. Wasserman\ 


and C. E. Swift Eutectic Welding Alloys Co. 


How Much Ductility Is Neces- 
sary for a Structure or Machine? 
by W. J. Conley, Lincoln Electric Co. 
2:00 P.M. — Business Meeting, A.W.S. 


3:00 P.M. — Board of Directors Meeting 
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Roster of G&G Chapters 


CHAPTER 


Baltimore . 
Birmingham 


Boston . 


British Columbia 
.. George B. Michie ... 
.H. H. Feierabend 


Buffalo 
Calumet 


.C. G. Stephens .. 
..R. S. Crowder 


CHAIRMAN 


Canton- Massillon 


Chicago 
Cincinnati 
Cleveland 


Columbus . 


Dayton 
Detroit 


Fort Wayne . 
Georgia ... 
Golden Gate 


ere J. Walter Scott 


R. G. Smith 


D. C. Ladd 


W. W. Petry ... 
W. Naujoks 


C. T. Greenidge . 


Milton R. Whitmore. 


Indianapolis ..... 


Inland Empire .. 
Kansas City ..... 
Lehigh Valley 
Los Angeles . 


Louisville 


Mahoning Valley . 
Chas. E. Pydee ..... 


Manitoba 
Milwaukee 


Missouri School 


of Mines 
Montreal 
Muncie 


New Haven .. 


.H. T. Hamon . 


. E. J. Pavesic .. 
D 
V 


J. G. McGivern 


. Robert D. Stout ... 


J. Trantin, Jr. . 


. L. Morrison . 


. D. Beach ..... 
. P. Beauchamp . 


DeVon W. Fryback. 
Tom Harvey ....... 


F. A. McCoy .. 


L. W. Hennings, Jr... 


Walter Edens ...... 


D. F. Walsh . 


F. E. Stockwell ..... 


New Jersey ...... S. Skowronski ...... 


New York 


North Texas ... 


North West 
Northwest Penn. 


-Robert M. Spencer 


Notre Dame ..... 


Ontario 


Oregon 


Penn State 
Peoria .... 
Philadelphia 


Pittsburgh 


J. B. Austin 


LeRoy D. Wolff .... 


F. H. Craven . 
K. L. Morris 


W. J. Kollas . 


H. B. Northrup ..... 


W. Naumann. 
ae A. W. Grosvenor ... 


Pueblo Group .... 


Puget Sound 


Rhode Island .... 


Rochester 


Rockford 


Maxwell Gensamer 
V. W. Johnson ..... 
Merle B. Sell ....... 


E. M. Shaw 


Ural Gillett ........ 


Rocky Mountain C. C. Drake ........ 


Saginaw Valley 


San Diego 


Schenectady 
Southern Tier 


Springfield 


St. Louis .. 
Syracuse .. 
Toledo Group ... 


Tri-City 
Tulsa 
Warren 


Washington 


. J. Donald MacQueen. 


-H. W. Schmidt ..... 


W. J. VanDenAkker. 


H. Corwin Miller .. 


BB. G. WRG 


Carl 8S. Cook ....... 
Walter Doutt ....... 
Fred C. Ewert ...... 


. Luther A. Best ...... 


.John C. Barrett ... 


West Michigan . 


Wichita .. 


Worcester 
York 


Rudolph A. Johnson. 
G. E. Shubrooks ... 


..Nelson A. Pyle 
..Joseph P. Flood ...... 
...Saco-Lowell Shops, Biddeford, Maine . 
...Dendoff Springs, Ltd., Vancouver, B. C...Third Thursday 
..Buffalo Testing Labs., 37 Niagara St.... 
..3761 Polk St., Gary, Ind....... 
...East Ohio Gas Co., Canton, Ohio ....... — 


..J. R. Morris . 


.R. W. Roush .. 
..R. J. McCracken 
.H. E. Krayenbuhl .. 


SECRETARY 


H. E. Handy 


J. H. Birdsong 


..I. N. Goff . 
...L. A. Zeitz 
...L. J. Bohan 

.. A. P. Fischer 

.. Warren A. Silliman . 


........ 


Chester L. Gillum 


Ovide G. Hogaboom ... 
..George F. Mitchell .... 


Raymond B. Smith 


..Howard Dunkle 


E. G. Guenther 


Wm. J. Barnett ...... 
..Mrs. B. W. McGillivray. 
Herman Abel ......... 


William Klaile 


Robert A. Stewart .... 
Alexis Caswell ........ 
.Herbert E. Weber ..... 
..E. G. Mahin ... TE 


..H. H. Hewitt, Jr..... 
D. F. McFarland ..... 
Matthew C. Aljanich .. 
.Frederick Cooper ..... 
Ralph Winship ....... 


Carl G. Peterson . 


E. L. Spanagel ....... 


H. E. Habecker . 
J. F. Musgrove 


J. C. Scurlock ..... 


Constance B. Brodie ... 
James S. Meyer ...... 


.Charles S. Leonard .... 
J. G. MacAllister ..... 
W. E. Burndrett ...... 
Herman Guenther .... 
Mark A. Ashmore .... 
Albert I. Moore ....... 
.E. W. Husemann ..... 
John A. Bennett ..... 
Dorothy M. Ridgeway . 
Eldon A. Means ...... 
George H. Campbell .. 
.Chas. M. Strickler .... 


..Cleveland Tractor Co., Euclid and E. 


. University of Notre Dame, Ind....... 


.. Third Friday 
General Electric Co., Research Lab...... Second Tuesda) 
International Business Machines Corp., 


Spartan Aircraft Co., Inc................ Third Tuesday 
Copperweld Steel Co. .................. Second Thurses 
National Bureau of Standards ......... Second Monda) 
Continental Motors Corp.. Muskegon...Third Monday 
General Machine Works ............... Second Wednes¢ 


MONTHLY 
MEETING 


SECRETARY'S 
ADDRESS 


Revere Copper & Brass, 1301 Wicomico St.Third Monday 


1516 N. 23rd St., Apt. B-6 ........... _ 
First Friday 


Second Thursday 
-Second Tuesday 


Columbus Bolt Works .......... .... Irregular 
.. The Dayton Power & Light Co........... Second Wednesda: 
... Timken Detroit Axle Co., 100 Clark Ave.Second Monday 


Bell Aircraft Corp., Dept. 72, Marietta..First Monday 


..Oliver United Filters, 2900 Glascock 


27 Hart St., New Britain, Conn. ........ Second Tuesday 
514 W. 19th Ave., Spokane, Wash. ...... _ 
Kansas City Power & Light Co. ......... Last Wednesda) 


Bethlehem Steel Co., Bethlehem, Pa. ...First Friday 
Pacific Scientific Co., 1430 Grande Vista. Third Thursday 


.Reynolds Metals Co., Plant No. 7........ Third Tuesday 
..276 Cadillac Dr., Youngstown, Ohio .. 


.Second Tuesday 
706 Sherbrook St., Winnipeg, Manitoba .Second Thursda) 


-- 

Box 371, Station ‘H’, Montreal, P. Q. .... First Monday 
Delco Remy, Anderson, Ind........... .Second Wednesd 
Bridgeport Brass Co., Bridgeport, Conn..Third Thursday) 


.78 Midland Pl., Newark, N. J. ........... Third Monday 


40 Wall St., Room 2410 ......... .. Second Monday 
3704 Shenandoah, Dallas, Texas ........ Third Wednesda 
200 Builders Exchange Bldg., MinneapolisIrregular 
Universal-Cyclops Steel Co., Titusville... — 

Second Wednesda 
Canada General Electric Co., Toronto, 


Ont. First Friday 


.. Steel Tank & Pipe Co., Portland, Ore. .. — 


Metallurgy Dept., Penn State College... Irregular 
The Midvale Co., Nicetown, PhiladelphiaLast Frida 
Box 6621, N. S. Station ............. ..Second Thursda) 
Colorado Fuel & Iron Corp. ............ Third Thursday 
Columbia Steel Co., 1054 4th Ave., S., 


.Providence Gas Co., Providence, R. I. 


& Electric Corp., 89 
Second Monda) 


Rochester Gas 


..Mattison Machine Works .............. Fourth Wednesday] 
Rio Grande Railroad, Denver, Colo...... Third Friday 
1213 Welch Blvd., Flint, Mich. .......... Second Tuesda) | 


366 Grove St., Chicopee Falls, Mass. .... Third Monday 
Standard Steel Spring Company ... ...Third Friday 
Syracuse Heat Treating Co. ............ First Tue sday 
Hughes Tool Co., Houston, Texas ....... Fourth Tuesaa) 
Rock Island Arsenal, Rock Island, Ill. ..Second Tuesd) 
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Metal Powder Association 


29 WEST FORTY-SIXTH STREET 
NEW YORK CITY 


Objects 


Artic.e II, Section J. The purpose of the Association shall be 
to adopt standards and specifications for the various metal pow- 
ders; to disseminate information among the members of the 
Association for the purpose of reducing the hazards of workers 
in the production of metal powders; to keep the users and con- 
sumers of metal powders and the public generally informed ot 
the possibilities of and limitation upon the use of metal powders ; 
to secure favorable rail and other transportation rates for metal 
powders; to secure equitable tariff legislation to assure the 
growth and development of the industry on a sound basis; to act 
as a liaison group between the producers of metal powders and 
technical societies, fabricators of parts made from metal powders 
and other organizations interested in the use and development of 
metal powders, and to promote the welfare of the industry. 


Members: 


The Aluminum Bronze Powder Company, Bedford, Ohio 
Aluminum Company of America, Pittsburgh 19, Pa. 
The American Metal Company, Ltd., New York, N. Y. 
Apex Smelting Company, Chicago 12, Illinois 

Baer Bros., New York, N. Y. 

Thomas A. Edison, Inc., West Orange, New Jersey 
General Aniline Works Division, New York, N. Y. 

The Goldfield Consolidated Mines Co., San Francisco 4, Calif. 
The Harshaw Chemical Company, Cleveland, Ohio 

The O. Hommel Company, Pittsburgh, Pa. 

McAleer Manufacturing Company, Rochester, Michigan 
Metals Disintegrating Company, Inc., Elizabeth B, New Jersey 
Metals Incorporated, San Francisco, Calif. 

Metals Refining Company, Hammond, Indiana 

National Magnesium Corp. of Md., Elkton, Maryland 
The National Smelting Company, Cleveland, Ohio 

The New Jersey Zinc Company, New York, N. Y. 
Plastic Metals, Inc., Johnstown, Pa. 

Pyron Corporation, Niagara Falls, N. Y. 

Reynolds Metals Company, Richmond, Virginia 
Unexcelled Manufacturing Company, New York, N. Y. 
U. S. Magnesium Company, Pleasant Valley, N. Y. 

The S. K. Wellman Company, Cleveland, Ohio 


You are Invited to attend the technical discussion 
on Metal Powders, under the auspices of the M.P.A., on 


Tuesday Afternoon, October 17th, at 2:00 p. m., in the 
Cleveland Auditorium, during National Metal Congress 
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Write for these Bulletins .. . 


Bulletin G— Audubon Metalwove Belts of 
Chain Drive Type 

Bulletin L— Audubon Metalwove Belts for 
Metal Quenching 

Bulletin F—Audubon Metalwove Belts for 
High Temperature and Air Drawing Furnaces 
Bulletin A— Audubon Metalwove Belts for 
Washing and Drying 


4 
te 
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FACTS YOU SHOULD KNOW ABOUT CUSTOM: 
GRINDING ORES AND MINERALS 


—S REDUCTION in size of ores and min- 
erals by grinding js a process probably 
as old as man. Progress generally has been 
in the direction of finer particle sizes, and, 
curiously enough, production of finer pat- 
ticles is usually attended by the discovery 
of new properties and consequently new 
uses for materials. The mechanics, advan- 
tages and economics of grinding are, there- 


fore, of substantial interest to metal men. 


There is nothing secret OF new about 
grinding equipment. Almost anyone is fa- 
miliar with the operation of impact mills 
for coarse grinding. ball-race and roller 
mills for fine grinding, air classifiers for 
ultra fine grindings and rolls for producing 
granulation—though many improvements 
have been made in recent years. The same 
is true of corollary processes such as tab- 


tion. Our several plants havea W ide diversity 
and large number of all these types of 
equipment for custom grinding, beneficiat- 
ing or treating a great variety of ores and 
minerals. 

More important to you, perhaps, js our 
more than twenty-five years of experience 
in processing a multiplicity of materials, 
years in locating sources of materials, in 
selecting the right types of mills or equip- 
ment to produce the product wanted at an 
acceptable price, years of meeting specifi- 
cations exactly, and laboratory control of 
all production. 

The Mineral Division of Foote invites 
you to take advantage of its own processes 
ores and minerals or to use its facilities for 
custom-grinding or treatment of ores oF 
minerals purchased by you. A request from 
you for information or prices W ill be prompt- 


ly taken care of. 


ling, calcining, drying and magnetic separa 


BUSHEL 


It there be 
a light under our "by. 
shel”’ it is the 
purposeful 


glow of a 
throwing new light on lithium, 
ean a and a host of other ores and minerals 
strial Through research and 
g Foote brings new ideas and products to 
‘ with you in their development. ag 
help you take advantage of 
and manufacture. 


MINERAL COMPANY 


Home Office: 
lid. London, Engi 
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WHATS NEW 


IN MANUFACTURER’S LITERATURE 


METAL WORKING e FABRI- 
CATION 


Powdered metal presses. 
chine Co. Bulletin 1. 


Kux Ma 


Forging presses. Ajax Mfg. Co. 


Bulletin 2. 


Horizontal extrusion 
Hydropress, Inc. Bulletin 3. 


presses. 


36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin 4. 


Cutting Oils. Cities Service Oil Co. 
Bulletin 5. 


Presses for Powder 
F. J. Stokes Machine Co. 


Information and data on straight- 
ening press. Anderson Bros. Mfg. Co. 
Bulletin 10. 


Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin 21. 


Metallurgy. 
Bulletin 7. 


Catalog 44 is a new and enlarged 
reference to Kennametal tools and 
products. Graphically indexed, this 
48-page catalog covers many metal 
working features. Kennametal, Inc. 
Bulletin 541, 


Air tools in steel mills and found- 
ries are pictured in new booklet by 
Ingersoll-Rand. Bulletin 255. 


Practical data sheet describes cut- 
ting and grinding compound. Di- 
versey Corp. Bulletin 447. 


Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 12. 


Complete and valuable study of 
“Machining of Metals”, including 
chip formation, is offered by Na- 
tional Refining Co. Bulletin 335. 


Safe-T tongs and their use in ma- 
terials handling are described in 
new booklet by Heppenstall Co. 
Bulletin 434. 


63-page pocket booklet shows use- 
ful tables of weights and measures 
used in the metal industry. Mesta 
Machine Co. Bulletin 441. 


This company has issued two new 
booklets showing new price lists for 
sintered carbides. Firth-Sterling 
Steel Co. Bulletin 486. 


Attractive 16-page booklet de- 
scribes the new “MX” grinding tools, 
citing many features and applica- 
Carborundum Co. Bulletin 


Struthers Wells Corportion’s 7 
gent Bender and its ability to e 
bend sheet metal 


in the 


gauges is described in 
Bulletin 520. 


8-page leaflet. 


8-page general catalog outlines | 


ligh 
illustrat 


hard facing alloys and overlay ; 


als of 


this company, 


with ma 


illustrations and typical applicati 


Wall-Colmonoy Corp. 


Bulletin 4% 


Properties and uses of cutting jj 


Gulf Oil Corp. 


Bulletin 8. 


Attractive new bulletin descrily 
the Spencer Turbine Co.’s Sump-\ 


a 


new 


portable 


vacuum 


produ 


which is said to clean machine » 


tanks in 2 to 10 min. 


Pictorial 6-page leaflet descrily 


Bulletin 4% 


use of Norton Co.’s resinoid grind 
ing wheels on snagging jobs. Bi 
tin 550. 


Steam drop hammers up to 7) 
described in 
offered by Erie Foundry Co. 
tin 562. 


pounds 


are 


book 


DoAll Zephyr cutting mach 
and its many advantages for m 
and other materials is described 


new 
nental Machines, Inc. 


illustrated literature. 
Bulletin 564 


668, 670, 672, 674, 676, 680, 681, 688, 2 


Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 654, 656, 658, 660, 662, 664 


896, 897, 898, 972, 988, 989 and 993 


hhh 


Metal Progress 7301 Euclid Ave., Cleveland 3, Ohio 


Send me the Literature I have indicated below. 


Name 


(Students—please write direct to manufacturers.) 


Check or circle the numbers referring to literature described on these 24 pages. 


October, 


1 59 106 147 180 246 328 367 436 465 300 527 550 S71 91 
2 62 107 148 182 255 329 368 437 470 501 528 551 $72 592 
3 65 109 149 185 258 330 369 440 471 502 529 552 573 593 
4 66 114 150 186 271 331 372 441 472 504 530 553 574 504 
5 70 115 152 189 281 333 380 445 473 506 531 554 575 593 
7 71 116 154 190 284 335 383 446 475 507 532 555 576 5% 
8 72 117 155 192 288 337 385 447 477 508 533 556 577 39 
10 79 118 156 193 292 338 388 448 478 509 534 557 578 598 
12 82 119 158 197 296 339 390 449 481 S11 535 558 579 5 
21 85 123 161 199 297 343 399 450 483 512 536 560 580 ow 
25 86 128 162 200 305 345 404 452 484 513 537 561 581 00 
26 89 132 164 203 307 347 406 453 486 515 538 562 2 wv. 
33 93 134 167 204 314 353 407 454 487 516 539 563 583 
35 94 135 170 206 318 354 409 455 491 517 540 564 584 
40 96 137 171 208 319 359 410 457 492 518 541 565 585 
41 97 139 172 210 322 361 420 458 493 520 542 566 586 
42 98 141 173 212 323 362 424 459 494 521 543 567 587 
45 101 142 176 213 324 363 428 461 495 522 544 568 588 
51 102 143 177 215 325 364 433 462 497 525 545 569 589 
56 103 146 179 240 327 366 434 463 499 526 549 570 a 
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The tolerances are too close for most 


Manufacturers — We would like to 


talk to you more about our facilities. 


Be Sure to Visit Our Exhibit 


National Metal Congress Cleveland 
Booth B-409 


Tool Builders — Tool Designers — Production Parts 
Manufacturers 


PEERLESS TOOL & ENGINEERING COMPANY, INC. 


1133 North Kilbourn Avenue 
Phone: Spaulding 4200 Chicago 51, Illinois 


No Job Too Difficult For Us To Machine Or Tool 


\ 
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FATIGUE LIFE OF METALS 


eIn several fields, notably 


automotive and aeronautical, 
surface-peening (shot-blasting) 
is being extensively employed. 
Its use is spreading rapidly. 
Surface-peening is accomplishing miraculous results in in- 
creasing fatigue life several hundred percent. By no other 
known method can such results be obtained—at so little cost. 
Small parts are mass peened; large parts individually. 
Surface-peening may offer undiscovered possibilities in im- 
proving your products. 

We shall be glad to discuss methods and equipment with you. 
ASK FOR SURFACE-PEENING BULLETIN 


W. W. SLY MANUFACTURING CO. 


4767 TRAIN AVENUE 


CLEVELAND 2, OHIO 
SURFACE-PEENING 


THE 


Metal Progress; Page 654 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATUR 


Interesting information on preg 
sion grinding is contained in this 
12-page booklet “Grinding With oj 
Use of straight oils for thread gring 
ing, gear grinding, and other preg 
sion grinding operations is discusge 
and well illustrated. D. A. Stuart 0j 
Co. Bulletin 581. 


Descriptive circular presents Acm 
Tool Co.’s line of precision prody 
tion tools of Meehanite Metal. |p 
cluded are angle plates, surface 
plates, straight edges, lapping plate 
masterangle plates, etc. Bulletin 5% 


Facilities of Peerless Tool & Eng 
neering Co. for tool building and to 
design are described in literature 
available in Bulletin 597. 


FERROUS METALS 


Spindle speed calculator is handy 
chart to figure machining rales o 
bar steels. Bliss & Laughlin, Inc 
Bulletin 333. 


Speed Case and Speed Treat cold 
finished bars are described in detail 
in a new profusely illustrated + 
page bulletin issued by the Monareb 
Steel Co. Bulletin 551. 


136-page, pocket-size handbook of 
special steels — newly revised ané 
reprinted—describes properties 
uses and best methods of handling 
treatment, etc., of tool, stainless and 
other alloy steels. Allegheny Ludlum 
Steel Corp. Bulletin 575. 


Properties of Frequently Used Car 
bon and Alloys Steels is title of big 
new booklet issued by Bethlehem 
Steel Co. Bulletin 580. 


Republic Steel Corp.’s second edt 
tion of National Emergency Steel 
tells you all about these new steels 
Bulletin 345. 


Page after page of useful technic# 
data and reference tables on 100 
steels. Latrobe Electric Steel ™ 
Bulletin 367. 


New 46-page booklet, “Wear, ° 
Discussion of the Mechanism of We 
Phenomena and Influencing Fe 
tors”, is said to be the first book - 
English on the subject of wet 
Nitralloy Corp. Bulletin 539. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
on Pages 652, 656, 658, 660, 662, 664, = 
668, 670, 672, 674, 676, 680, 631, 688. % 

896, 897, 898, 972, 988, 989 and 95 
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The output of America’s gigantic metal-working 


ke industry —in war or peace—depends upon the ef- 
fectiveness of a small edge on cutting tools. When 
ok of the cutting edge is Kennametal—as demonstrated 
—_ by scores of service results—the productivity of ma- 
~~ chines can be more fully utilized. 
Kennametal-tipped tools—through their unique 
ability to cut metals, including steels of high Brinell 
/ e hardness, accurately, at greatly increased speeds, and 
lehem with amazing tool life—have been of inestimable aid 
to industry in turning out the tools of war on time. 
i They will be equally indispensable in producing im- 
steels proved products of peace, at lower prices. 
nic Thus, Kennametal—in common with other inven- 
} tool tions that have been brought forth under the American 
he system of free enterprise—returns profit, not just to its 
+ inventor, nor only to the industries in which it func- 
we tions, but . . . chiefly to all our people. 
ok 


NNAMETAL 


SUPERIOR CEMENTED CARBIDES 


\ KENNAMETAL Pa. 


| 
tt 
: 
i & 
handy 
Ine 
@ 
October, 1944; Page 655 


What they say about Detroit 


Rocking Electric Furnaces 


of hard work. 


Workmen who operate them, swear by Detroit 
Rocking Electric Furnaces. And for good reason. 
There are no products of combustion; and since 
melting takes place in a closed chamber, dirt and 
fumes are reduced to a minimum. Easy to oper- 
ate, each heat is poured with the least amount 


Metallurgists are well sold on Detroit Furnaces. 
Because of their automatic stiring action under non 
oxidizing conditions and their precise control of 
time, temperature and composition, these efficient 
units assure superior metallurgical results. 


Managers of foundries who know them, fully 
appreciate the advantages of Detroit Rocking 
Electric Furnaces. They insure faster melting, low- 
er metal losses, and less machine-shop scrap. De- 
troit Furnaces melt more pounds per man hour. 
They give a higher percentage of perfect castings 
of uniform quality. They melt as many as 8 ferrous 
or 16 non ferrous heats in one eight-hour day. 


From every view point, a Detroit Rocking Electric 
Furnace is the outstanding foundry melting unit. 


DETROIT ccectric DIVISION. 


KUHLMAN ELECTRIC COMPANY e¢ BAY CITY, MICHIGAN 
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WHATS NEW 


IN MANUFACTURERS’ LITERATUR 


Steel Data Sheets. Wheelock, Love. 
joy & Co. Bulletin 25. 


Molybdenum wrought stee@ 
Molybdenum Corp. of America, By 
letin 26. 


Chemical analyses, shapes ani 
sizes of Joslyn stainless steel prod. 
ucts. Joslyn Mfg. and Supply (. 
Bulletin 297. 


Enameling iron sheets. Inland 
Steel Co. Bulletin 33. 


Loose-leaf reference book on mw 
lybdenum steels. Climax Molybd 
num Co. Bulletin 35. 


Aircraft Alloy Steels. Joseph | 
Ryerson & Son, Inc. Bulletin 40. 

Attractive new catalog describes 
the line of steel offered by Penin- 
sular Steel Co. Bulletin 337. 


New Catalog C makes it easy to ge! 
International Nickel Co. literature 
it presents brief description and i: 
dex to a wide variety of bookie! 
Bulletin 305. 


. “Graphitic Booklet” gives complet 
information on new, free-machining 
long-wearing steel. Steel & Tub 
Div., Timken Roller Bearing o 
Bulletin 307. 


HWD hot work die steel and Ster 
ling stainless steels are described | 
four new leaflets by Firth-Sterling 
Steel Co. Bulletin 323. 


New booklet gives full informat 
on N-A-X high tensile and N-A-\ 
9100 Series of alloy steels. Gres! 
Lakes Steel Corp. Bulletin 328. 


Fitzsimons Co. issues interesting 
leaflet on speed case and speed tre 
steels. Bulletin 452. 


84-page tool and die steel handbook 
just issued by Ziv Steel & Wire | 
is a helpful guide to selection, t™ 
ment and use of these import 
steels. Bulletin 440. 

Kinite alloy tool steel bar stocs.” 
Boker & Co., Inc. Bulletin 255. 
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A spectrograph is basically a picture of a spark. 
Through this medium it has been possible to gain 
« knowledge of the composition of materials which 
enables us to determine their proper application 
and use. 

All elements, when “excited” by heat or elec- 
trical discharge, emit radiations of known wave 
lengths. In spectrography, this light enters the slit 
of the spectrograph, passes through the optical sys- 
tem, is dispersed into its component parts (the spec- 
trum) and recorded on a photographic plate, pro- 
viding a permanent record for study. The radiation 
emitted by each element is made up of certain 
definite wave lengths which are always the same 


PRISM 


COLLIMATOR S\ TELESCOPE 


“SS> 


~ 


Simple spectrograph 


regardless of what other elements are present in 
the substance under investigation, and since these 
wave lengths are accurately known it is possible to 
identify each line in the spectrum from its wave 
length and thus gain a complete knowledge of the 
composition of the metal. The density of the spectral 
line bears a direct relation to the amount of the 
element present, therefore the spectrograph also 
provides a basis for quantitative analyses. 

The advantage of spectrographic analysis over 
wet chemical analytical methods is that in the for- 
mer, all elements in the sample including those of 
a deleterious character are indicated, while in the 
latter only those elements which are deliberately 
looked for are detected. 

The Bunker Hill electrolytic zinc plant has one of 
the most modern and complete spectrographic lab- 
oratories in the country. Utilization of such modern 
methods of analysis and control from ore to metal 
is in a large measure responsible for the continued 
high purity of Bunker Hill zinc—the first 99.99+% 
metal to be produced in commercial quantities and 
the forerunner of today’s Special High Grade zincs. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE 


NEW YORK 17 


ELdorado 5-3200 


Eastern Sales Agents 


BUNKER HILL 99.99+% ZINC 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


SKF Steels, Inc., has issued a stock 


list 


seamless steel tubing and round bars, 
available for immediate delivery. 
Bulletin 


Latest data chart, Section 


of high carbon-high chrome 1, shows government 


566. & Co., Inc. Bulletin 533. 


D, 
“specs” 
alloy steels and corresponding com- 
mercial designations. Peter A. Frasse 


No. 
for 


DIRECT FIRED CONTINUOUS 
HEAT TREATING FURNACES 


Above is shown our continuous type, hardening furnace for temperatures up to 
1700 degrees F. This furnace is designed to reduce scale and for many products, 
it is not necessary to resort to a fully controlled atmosphere furnace. A hot dis- 
charge end unit with conveyor belt returning inside the furnace, together with en- 
closed discharge chute to the quench tank prevents air infiltration into the furnace. 
The vents are located below the hearth level and carry off any infiltration from the 
charge opening before it reaches hearth level. These furnaces are lined with in- 
sulating refractory brick backed by insulating brick and are fired from the sides 
by heat resisting alloy tipped, tunnel type, gas burners. The conveyor belt may 
be cast, heat resisting alloy for heavy loads, or our own plate or open link type 
alloy belt made of 16 gage stampings for lighter loads. 


This furnace is equipped with a water cooled discharge chute with oil curtain 
which prevents the oil from splashing into the furnace and igniting. The chute 
discharges the work directly onto the conveyor in the quench tank. 


These units are available in sizes having capacities from 300 Ibs. to 3000 Ibs. 
per hour and are adaptable for a wide variety of parts such as springs, screws, 
nuts, bolts, automotive parts, etc. 


We have built furnaces for every heat treating requirement for many years. 
May we help you? 


INDUSTRIAL HEATING EQUIPMENT COMPANY 


3570 Fremont Place Detroit 7, Michigan 
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Facts on Beryllium Copper, jn, 
ing composition, forms ayaij 
applications and extensive additj 
information are 
new 
side Metal Co. 


Bulletin 511, 


32-page booklet which pictor 


and textually amounts to a sciepy 
treatise on two carbon steels — Sy. 


Case and Speed Treat — has bee 


sued by W. J. Holliday & Co, Ry 


tin 450. 


Molybdenum-Tungsten high sy 


steels marketed under the ge 
trade name Mo-Max are 
comprehensively in 52--page book 


497. 


Carpenter Steel Co. offers a 
venient four-color chart usefy 
identifying various types of stair 
steels which may have become mi 
in stock. Bulletin 507. 


Important practical heat tres 


information about stainless s 
has just been issued by Rustless |r 
and Steel Corp. Bulletin 563. 


100-page ring-binder catalogs | 
win & Milner, Inc. tool steels 
scribing selection and _ applica 
Bulletin 561. 


New 38-page handbook io 
signers of stainless steel equi; 
gives valuable information for 


rately proportioning stronger ligh! 


parts. It is said to be the first! 
such detailed values for comm 


stainless, both above and below! 


yield point have been comp 


American Rolling Mill Co. Bullet 


553. 


NON-FERROUS METALS 


80-page pipe and tube be 
handbook has been issued by © 
& Brass Research Assn. Bulletin 


6th edition of Revere Weights 
Data Handbook. Revere Copp 
Brass, Inc. Bulletin 296. 


This “Aluminum Imagine 
Notebook” presents 12 imp 
economic advantages of 
and illustrates numerous eX# 
of things which have been ! 
neered into aluminum actua 
Aluminum Co. of America. 
472. 
in Bras 


Copper Alloys. Americ 


Bulletin 45. 


Use Handy Coupon on Pate ns 
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Other Manufacturers’ Literature List 
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presented in 
16-page booklet by the Rj 


discuss 


Emmons, metallurgist for | 
Cleveland Twist Drill Co. Bulle 
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So THAT PLANES 
FIGHT SOONER | 


@ Kansome payers built American highways. Now they are 
rushing airports along our battle fronts. 


Fvery hour of construction time they can save gives that 
much advantage to our fighting airmen, 


Paving is a shattering job. And it used to be accepted 
that frequent take-ups and tightening were part of paver 
maintenance. 


But no more! Not since Ransome began using Elastic Stop 
Nuts—the nuts that stay put. 


Now the paver keeps on the go longer, and our planes fight 


sooner. 


lhe reason Elastic Stop Nuts hold tight in spite of wracking 
\ibration lies in the elastic collar in their tops. This snuggles 
close around the bolt threads, grips them and prevents the 
wut from turning and loosening. 


Countless fastening problems lie ahead in the coming days 
of peace. Many of them will be solved successfully with 
llastie Stop Nuts. Products will be safer, and longer- 
lasting. Production equipment will stay at work with Teas 


mamtenance, 


lt vou are faced with a fastening problem, feel free to call 
upon us. Our engineers will gladly help you solve it and 
vest the proper I lastie Stop Nut. 


Visit the Esna Exhibit * Booth A-321 


TRADE 


ELASTIC STOP NUT 


MARK 


OF AMERICA 


ELASTIC STOP NUTS 


ELASTIC STOP NUTS HELP BIG, BUSY RANSOME 
PAVERS DO MANY VITAL WAR JOBS 


“Concrete road pavers are subjected to tough, grueling 
work, especially on twenty-four-hours-a-day service, for 
which many Ransome Pavers have been called upon in the 
construction of airport runways since the war started. All 
told, there are about 1,200 Elastic Stop Nuts used on every 
Ransome Paver we build. By substituting Elastic Stop Nuts 
for the ordinary kind, we are helping the Ransome Paver 
owner minimize his maintenance job because the nuts are 
self-locking and vibrationproof. No time out for tightening 
— no extra hours of labor to take up slack. Elastic Stop 
Nuts also simplify our shop assembly job. They are a 
further contribution to the improvement of our paver, which 
is our constant goal.” 


Chief Fagineer 


KANSOME MACHINERY CO... DUNELLEN, N. J. 


Subsidiary of Worthington Pump end Machinery Co 


LOCKED ON 
THE BOLT BY 
THE ACTION OF 
THE GRIPPING 
RED COLLAR. 


THE COLLAR 

ELASTIC, 
THE NUT CAN 
USED TIME AND 
TIME AGAIN 


? 
MADE IN Ali SIZES AND TYPES — WITH 
THREADS TO FIT ANY STANDARD 
TYPES OF BOLTS 


Lock fast to make things last 
UNION, NEW JERSEY AND 
LINCOLN, NEBRASKA 


| —_ | 
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Minimum Warpage 
heduced hejections 65% 
SPEED CASE STEEL 


LOW CARBON OPEN HEARTH PRODUCT 


Reduced Rejections 
Carburizing Qualities 


Reduced 
Rejections 


Customer reports part machined at 230 SFPM with 
resulting finish of 15 Macro inches. Speed Case was 
the only steel of 13 tried that produced parts with 
7 es less than 22% rejections due to warpage during car- 
, burizing. Rejection on Speed Case runs less than 2%. 
Customer increased production 27% and reduced 
costs more than 32%. Estimated savings per ton of 
Speed Case used, $37.4). 


Write for SPEED CASE CATALOG. Actual 
shop records show savings of 20 to 65%. 


OUR METALLURGISTS ARE AT YOUR SERVICE 


if you wrote yourown 
specifications for the | 
_ ideal, all purpose, open 
hearth carburizing 
STEEL, it would be... 


WAR BONDS SPEED CASE! 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


Licensor 


“MONARCH STEEL COMPANY 


PECKOVER'S LToO., Conedien Distributor 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


Platinum Metal Catalysts. Baker & 
‘o., Inc. Bulletin 41. 


Die casting equipment. Lester. 


Phoenix, Inc. Bulletin 42. 


Rare metals, alloys and ores. Foote 
Mineral Co. Bulletin 56. 


Two new Ampco Metal data sheets 
discuss forging Ampco to improve 
physical characteristics and use of 
Ampco for non-scratching feed fin- 
gers. Bulletin 314. 


“Designing with Magnesium’’ is ti- 
tle of new book offered by American 
Magnesium Corp. Bulletin 433. 


Printed information on Lithium of 
interest to nonferrous and physical 
metallurgists is available from Lith- 
aloys Corp. Bulletin 532. 


Two new bulletins present man) 
interesting facts on aluminum tub- 
ing and aluminum wire, rod and bar. 
Reynolds Metals Co. Bulletin 549. 


Red-X Aluminum Alloys, produced 
by the largest single producer ol! 
Commercial Aluminum and Magne- 
sium Alloys, the National Smelting 
Co. are described, applications stud- 
ied, in this 16-page file folder. Bu’ 
letin 499. 


Dowmetal data book. Dow Chen 
cal Co. Bulletin 51. 


“Some Considerations in Making 
Test Bars” is the title of an interest: 
ing booklet by Federated Metals Div. 
American Smelting and Refining © 
Bulletin 529. 


32-page booklet, “Revere Magne 
sium Alloys and ‘the Light “fetal 
Era”, is now coming off the press 
with basic facts about magnesium 
plus detailed technical data on phys 
ical, mechanical and working char 
acteristics of the Revere Alloys 
Revere Copper and Brass, Inc. Bu! 
letin 579. 


Use Handy Coupon on Page 652 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
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A copy of new, twenty-four page catalog will be 
ready for you at the Metal Show. It is just off the 
press and full of valuable alloy castings in- 


formation. 


In it, you will find the final solution to your heat 
and corrosion resistant castings problems. There 
is complete information about the expanded facil- 
ites and modern production procedure at Stan- 
dard Alloy. In addition, it contains a section de- 
voted entirely to instructions for welding and ma- 


chining plus valuable stress, thermal expansion 


and weight charts for heat and corro- 


sion resistant castings. 


Please consider this an invitation to visit 
our exhibit (Booth No. D-410) and re- 
ceive your catalog at the same time. If 
you are not attending the show, we will 
appreciate the opportunity of sending 
your copy by return mail. Write today. 


at SP), 


$ 


ALLOY COMPANY 
Incorporated 


CLEVELAND 10, OHIO 
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VULCAN 
CAR HEARTH FURNACE 


For Stross Reliof. of Fabricated Parts. 


The VULCAN Furnace illustrated above is used for stress 
relief of fabricated steel parts ranging in section from 14” 
to 116", at maximum temperature of 1250°F. The unit is 
gas fired, with complete automatic program control. Elec- 
trically controlled damper doors provided differential con- 
trol over rates of heating, soaking and cooling. Double 
range burners are furnished with pilot- and flame-failure 
safety device. 


Although VULCAN Furnaces like this are individually en- 
gineered to accomplish predetermined results on specific 
materials, they generally cost no more than furnaces of 
standard design, and can be installed promptly. 


VULCAN CORPORATION 


1796 CHERRY STREET, PHILADELPHIA, PA. 


VULCAN designs and installs furnaces for all heating and heat 
treating operations. Consultation with our engineers will in- 
cur no obligation. 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


WELDING 


New method for increasing speed 
of welding mild steel called “Fleet. 
Welding” is described in new 4 
page booklet issued by the Lincolp 
Electric Co. Bulletin 571. 


This new chart gives weld metal 
chemical composition, heat treatment 
specifications and identifying grad 
information on Arcos Corp.’s staip- 
less and alloys electrodes.  Bulletiy 
572. 


Bulletin GEA-4220, well-illustrated 
describes features of new current 
regulating compensator for resistance: 
welding. General Electric Co. Bul- 
letin 576. 


“Things To Know About Welding 
Stainless Steel” is title of new book- 
let that answers many welding ques- 
tions. The McKay Co. Bulletin 544 


Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin 59. 


40-page catalog reviews the prog 
ress and many applications of low 
temperature welding. Eutectic Weld 
ing Alloys Co. Bulletin 471. 


Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin 62. 


Welding and brazing of aluminum, 
a new data book issued by Alumi- 
num Co. of America. Bulletin 66. 


Data book facts on spot, seam and 
flash welding ferrous and non-fer- 
rous metals and alloys. P. R. Mal- 
lory & Co., Inc. Bulletin 65. 


Nu-Braze No. 4, an improved silver 
brazing alloy. Sherman & Co. Bulle 
tin 288. 


Two new hard-facing alloys fur 
nished as welding rods for applic® 
tion by Oxy-Acetylene process ar 
described by the Stoody Co. in Bul 
letin 325. 


Comparable arc welding elecrodes 
for stainless are shown in chart 
issued by Alloy Rods Co. Bulletin 355. 


Use Handy Coupon on Page 652 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 964, > 
668, 670, 672, 674, 676, 680, 681, 688, 8% 
896, 897, 898, 972, 988, 989 and 995. 
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EXPERIENCE 

HACK SAW BLADES 


(Molybdenum... 4.00-5.00) Specify Ingersoll D-B-L Steel for 
Sie cites oor your Hack Saw Blades on its 5-year 
" formance of Ingersoll Record of Past Performance. 
rt D-B-L...its relative 
3. if freedom from decar- 
= nile burization...its tough 
eV mm cutting quality and INGERSOLL STEEL & DISC DIVISION 
BORG-WARNER CORPORATION 
cost, Plants: New Castle, ind.; Chicago, Kelamezee, Mich. 


R SPECIAL USES 


Stainless Steels and Saw Steels, 


including ""18-4-1" and Molyb- 


O Ae) qd 
or ite B D E 
Fa L A 
NGERSOLL 
eels Tiillage Steels Knife Steels 


Now the right 


cutting fluid pays 


E. RING PINS or cylinder barrels... shells or ship 
shafts... plants that make them use cutting fluids— 
most often good cutting fluids. Often, however, one 
cutting fluid is expected to fit every job. Usually it 
won't, for when the operation—speed, feed, tools or 
stock are changed a new set of conditions exist. 
That means the cutting fluid factor must be consid- 
ered carefully on every job—and the right fluid 


determined for it. 


Such consideration pays well. 


The stainless steel parts illustrated above are a 
good example. It is obvious from these unretouched 
illustrations that the piece on the right has the bet- 
ter finish on both face and thread. This improve- 
ment over the left hand piece was due solely to a 
change in cutting oil to the right oil for the job. 
And this right oil proved to cost 14c per gal. less, 
on the machine. In this case a simple blend of 
Stuart’s Thred Kut 99 was the answer—but it might 
have been any other of several Stuart Products. 


At the 
Metal Show 


the above parts and 
hundreds of others 
will be on display 


at the Stuart Oil 
exhibit — drop in. 


The important fact is found 
in the experience and speciali- 
zation of Stuart Oil Engineering 
in applying proved products... 
in helping you find the right 
cutting fluid with the least 
trouble and cost to you. Let 
a Stuart Oil Engineer work ¥: 
with you. 


p.A. Stuart 


LIMITED 


2743 SOUTH TROY STREET, CHICAGO 23, ILL. 
ESTABLISHED 1865 


Werehouses in Principal Metal-Working Centers 


co. 


WHATS NEW 


IN MANUFACTURERS’ LITERAH 


New Phos-Copper booklet 
ways to braze, design and apr 
tions. Westinghouse. Bulletin 


32-page booklet presents nume; 
experience reports from large 4 
of are welding. General Electric 
Bulletin 513. 


Air Reduction Sales Co, of 


20-page revised price list, “Gas ; 


Electric Welding Supplies and Ac» 


sories”. Bulletin 512. 


Bulletin No. 14, “How To Rey 


Broken Cutting Tools With 
Flo”, is filled with practical, inst 
tional copy, profusely illustr 
Handy & Harman. Bulletin 506. 


Pocket-sized, 
showing proper tip sizes, gas » 
sures, and other data required 


machine gas-cutting steel is offer 


by Air Reduction. Bulletin 527. 


16-page booklet illustrates 4 


design and construction featur 
certain types of Victor single 


two-stage reduction regulators « 


loyed in the welding indus 
ictor Equipment Co. Bulletin % 


End-welding with Nelson studs 
less than % second is described 
catalog and price list issued by \ 
son Specialty Welding Equipm 
Corp. Bulletin 565. 


TESTING & INSPECTION 


“Faxfilm”’, a new, economics 


quick method of inspecting sur! 
finishes through enlarged Ti 
Dimensional Replica, is deseril 
and illustrated in an_ interest 
4-page leaflet by Rex D. Mel 
Bulletin 602. 


High temperature electric furn 
for sintering both ferrous and ! 
ferrous powders are described 


this bulletin by Harper Electric '™ 


nace Corp. Bulletin 587. 


New Burrell Shaker for see 
laboratory use is described in ™ 


catalog issued by Burrell Techs 
Supply Co. Bulletin 543. 


Use Handy Coupon on Page & 
for Ordering Helpful Literature 


Other Manufacturers’ Literature 


on Pages 652, 654, 656, 658, 660, 62 > 
668, 670, 672, 674, 676, 680, 631, 
896, 897, 898, 972, 988, 989 and #8 
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SERVICE someting 


relegated to the limbo of nursery rhymes or 
pre-Pearl Herbor luxury. It is a concrete reality, 
available to you at any time you so desire. 
Niagara Falls Smelting and Refining Corpora- 
tion maintains complete stocks of over 300 dit- 
ferent types of alloys. offering you the most 
complete alloy service available. The “Falls 
Brand” laboratory is at your disposal con- 
stantly, to give you any specific alloy informa- 
tion you need. When alloy problems confront 
you, remember Niagara Falls is at your service. 


(NIAGARA FALLS SMELTING AND REFINING 


LARGEST | PRODUCER OF ALLOYS 


WHATS NEW 


IN MANUFACTURERS’ LITERATUR} 


Universal testing machines ané 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals 
Inc. Bulletin 86. 


The Bristol-Rockwell dilatometer 
and its use is described in this 
by The Bristol Co. Bulleti: 
465. 


Metallurgical polishing equipmen( 
offered by Precision Scientific Corp 
is described in illustrated booklet 
Bulletin 359. 


Various methods and specific ap- 
plications of the measurement of case 
depth are described in_ illustrated 
pamphlet offered by Allen B. DuMont 
Laboratories, Inc. Bulletin 339. 


Bibliography of more than 70 
papers dealing with the _polaro- 
graphic method of metal analysis ané 
a booklet discussing this equipment 
is offered by E. H. Sargent & C 
Bulletin 338. 


SR-4 strain gage and illustrations 
of its many uses. Baldwin South- 
wark. Bulletin 70. 


X-Ray Diffraction Unit. Genera 
Electric X-ray Corp. Bulletin 72. 


New book contains wealth of prac- 
tical, usable information on indus 
trial inspection by x-ray. Westing 
house Electric & Mfg. Co. Bulletin 7! 


Latest technical literature on x-ra) 
and radium protection, together with 
lead products catalog, has been is 
sued by Bar-Ray Products, Inc. Bul- 
letin 463. 


Industrial radiography with Tt 
dium. Canadian Radium & Uraniun 
Corp. Bulletin 79. 


Portable Brinell hardness tester ane 
folding Brinell microscope. Andre¥ 
King. Bulletin 85. 


Optical Aids. Bausch & Lomb OP 
tical Co. Bulletin 94. 

Metallographic polishing powde’ 
Conrad Wolff. Bulletin 96. 


Use Handy Coupon on Page 652 

for Ordering Helpful Litera ure. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660 662, 604 
668, 670, 672, 674, 676, 680, 681, 688, ® 

896, 897, 898, 972, 988, 989 ard 995. 
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Call or write us today. 
ONE BUFFALO RIVERSIDE 781 


ANNUAL 
METAL SHOW 
p Look for 


ROTO - FINISH 

, in Space H621 

. ON STEEL, 

BRASS, ALUMINUM, 
MAGNESIUM, 

: STAINLESS STEEL and 

7 NICKEL STEEL PARTS 


WHETHER you are still pushing for 
greater war output—or planning peace- 
time operations —the Roto-Finish time- 
and-labor-saving technique is worth serious 


consideration. 


Originally developed as a great production 
aid to the plating industry, Roto-Finish has 
found innumerable war-time uses — replacing hand 
operations in removing burrs and preparing surfaces 
for plating — maintaining precision tolerances never 


before possible in mechanical finishing operations. 


All of the parts shown above were processed by Roto- 
Finish, But they only begin to reveal the possibilities of 
this new finishing method. The best way to discover its 
possibilities for you, is to send sample parts a 
for processing and complete production data. rROTON 
Write for complete information today. 


THE STURGIS PRODUCTS co. 


247 JACOB ST., STURGIS, MICHIGAN 


October, 1944; Page 667 


id _ ‘ 
ne > 
s, “ 

er 

¢ 
| 
|. 
\ J 
4 


SARGENT HEAVY DUTY 
ANALYZER... Designed for 


Modern High Speed Electrolytic Analyses 


It applies high current densities up to a limit of 10 amperes to 
greatly increase rates of deposition and produce bright, smooth, 
closely grained deposits that firmly adhere to electrodes. Use of high 
speed methods possible with the Sargent electrolytic analyzer reduces 
the time formerly required for making analyses by as much as 60%. 


A properly designed electrode system providing large surface 
areas, thorough electromagnetic agitation of electrolyte, a water 
cooling system and correct adjustment of concentration of electro- 
lyte are the principal elements in electrolytic practice that make 
high current, high speed analysis practical . . . In addition to 
these considerations instrumental manipulation and maintenance 
are facilitated by elimination of mechanical stirring devices and by 
providing positive, quick acting, 
sturdy bakelite electrode heads 
which can be moved to any 
vertical or lateral position by 
slight pressure of the hand .. . 
No clamp adjustments are neces- 
sary. The bakelite heads expose 
no metal other than the platinum 
electrodes to corrosive fumes. 


$-29405 ELECTROLYTIC 
ANALYZER—Sargent, High 
Speed, Heavy Duty, Magnetic 
Stirring, Water Cooled. Without 
electrodes or motor generator. 


No. of positions.. 2 6 
Each.................... $275.00 $700.00 


Literature on Request 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago 11, Ill. 


Michigan Division: 1959 Fast Jefferson. Detroit 7 Michigan 


SCIENTIFIC LABORATORY SUPPLIES 


WHATS NEW 


IN MANUFACTURERS’ 


Modal 150 is described and sg 
features illustrated in this ¢ 
leaflet. North American Philips 
Inc. Bulletin 517. 


“Radiography of Materials” js 


of new 96-page book on indus 


radiography. Eastman Kodak 
Bulletin 331. 


High intensity industrial ilk 
nator is illustrated and describe 


new leaflet by Kelley-Koett Mfg 
Bulletin 406. 


30th Anniversary Catalog % 


the special metallurgical equipng 
offered by Claud S. Gordon Co. } 


letin 410. 


Details and various applicatiw 
the portable tensile tester are s 


in 8-page leaflet by W. C. Dille 


Co., Inc. Bulletin 491. 


Advantages and speed of te 
with the Magnetic Analysis Cor 
Comparator are described and 


tured in brochure just released 3 


letin 492. 


8-page illustrated leaflet descr 
line of industrial instruments 


fered by the Brush Development| 


Bulletin 428. 


Hardness testing equipment. 


son Mechanical Instrument Co, ! 


Bulletin 98. 


New Carbon and Sulphur ve 
minator is described in this! 
8-page leaflet. Harry W. Dieter! 
Bulletin 501. 


Many tips and suggestions 
industrial laboratories are pres®! 
in 24-page March issue of “UW 
and References” by Wi'kens-4° 
son Co. Bulletin 502. 


4-page folder on the inspe® 
and control of surface fs 
offered by George Scherr Co. ! 
letin 508. 


Use Handy Coupon on Page ns 

for Ordering Helpful ! iterature 
Other Manufacturers’ Literature 
on Pages 652, 654, 656, 658, 660, 
666, 670, 672, 674, 676, 680, 681, ™ 

896, 897, 898, 972, 988, 989 and ™ 
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if aluminum rivets are to be produced ond heat 
treated on @ production basis, economy demands 

as * they be kept in a dead soft condition yntil they ore 
ysed. The same applies to aluminum sheets which are 
to be formed. 

ment especially 


minimu 
rature until it is used. 
Kold-Hold hos $ lized in the engineering 
ture of just such equipment. This includes 
the refrigerated alcohol 


d quench, 
the storage 


ers for packaging rivets, 
in which the rivets 


least minus 40° F. 
d it at that tempe 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


6-page leaflet describes the con- 
stant temperature equipment offered 
by American Instrument Co. Bul- 
letin 493. 


New 50 KV industrial x-ray unit, 
its features and applications, are 
presented in this 8-page leaflet. 
Picker X-Ray Corp. Bulletin 525. 


NOVO SUPERIOR 


is admirably 
suited for: 


* 
Lathe Turning Tools 


Circular Form Tools 
and all other metal 
cutting tools requir- 


Wherever fine tool steel is demanded you'll find 
° NOVO SUPERIOR. Accepted from the very 


Milling Cutters first as the standard, it has consistently held its 
. foremost position throughout the machine world. 
Reamers 
* It offers unusual resistance to abrasion and holds a 
Taps keen edge through long tool life. 
nt Try NOVO SUPERIOR for your better tool needs. 
P A year's run will demonstrate longer tool life, elim- 


ination of cracking during hardening and substan- 
tially lowered tool overhead. 


ing superior quality * 
‘“*‘*NOVO SUPERIOR’! 
and shop efficiency are synonymous 


Metallurgical Equipment. 
I. Buehler. Bulletin 97. 


Attractive, illustrated bookle 
scribes Clark Instrument’s preg 
hardness tester. Bulletin 318, 


A portable instrument for me 
ing temperatures of glowing q 
is described in 16-page catalog 
tical Pyrometer” recently repr 
with minor changes by the Le 
Northrup Co. Bulletin 569, 


4-page bulletin describes 
Throttlitrol as a simplified valve 
tioning device to be used in co 
tion with any control instr 
having a high and low contac 
a neutral position. Operatic 
features are detailed. Wheel 
struments Co. Bulletin 582, 


Potentiometer temperature ini 
tors. Foxboro Co. Bulletin 82. 


Micro-Optical Pyrometers. Py 
eter Instrument Co. Bulletin # 


Pyrometer control of high g 
salt baths is described in new! 
let by Brown Instrument Co. } 
tin 324. 


Industrial thermocouples. 
S. Richards Co. Bulletin 93. 


Operating principle and 
available of the synchronous- 
driven cam program timer ar 
ered in this new 4-page f 
Automatic Temperature Contr 
Inc. Bulletin 487. 


New bulletin with 12 pages 
formation on application, opé 
and design of Bristol Co.'s rad 
pyrometers has just been re 
Bulletin 592. 


Alnor Pyrocon, the contact py! 
eter for surface temperatur 
described in this 6-page leal 
Illinois Testing Laboratories 
Bulletin 558. 


MENT 


New bulletin MP115 descr cu 
F. Holden Co.’s flow heat !t 
for bright hardening, bright ' hig 
ing and hot quenching. Bulle! ; 
on 


Use Handy Coupon on Pate ™ 
for Ordering Helpful Liter 
Other Manufacturers’ Literatur 
on Pages 652, 654, 656, 655, ™ 
666, 668, 672, 674, 676, 680, 681,” 
896, 897, 898, 972, 988, 989 and ® € 
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Turret ARE PLACES FOR BOTH... 


Firth-Sterling, long specialists in making steels for 
shop tooling, early recognized the possibilities of 
carbides as a means of extending the improvement 
in shop practice brought about by the super high- 
speed steel—CIRCLE C. But, there is a place 
forboth... 


Where the highest speeds are obtainable or ma- 
terials are hardest, FIRTHITE is the “last word” 
in a cutting material. It is used at speeds up to 
ten umes those possible with high-speed steels. 
Where speeds above average are permissible or 
materials are the hard side,” CIRCLE C will 
cut af least 25% faster than ordinary grades of 
high-speed steel. Send for descriptive literature 
on these remarkable materials. 


For instance: 


FIRTHITE removes 730 


pounds of gray-iron cast- 
ing metal per hour instead 
of 180 pounds; 


drills a gun barrel in 23 
minutes instead of 1 hour; 


enables milling-cutters to 
run at 1,000 feet per 
minute instead of 100 
feet with previous ma- 


terials. 


For instance: 


CIRCLE C machines hard 
die blocks in 28 hours 
instead of 42 hours... 
doubling production be- 
tween grinds — versus 
regular high-speed steel; 


jurns two to ten times 
more pieces of heat- 
treated alloy steel between 
grinds than other high- 
speed steels, 


5 e Firthite Movie to be shown in Booth No. B-146 at the National Metal Congress, Cleveland, 0., Oct. 16 to 20, incl. 


Firth Stesking Steel Company 
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BELLEVUE 


FURNACES 


@ In the construction of Bellevue 
Furnaces, painstaking consider- 
ation of the job to be done comes 
first. Every factor must be evalu- 
ated, every condition studied. 
Only then do Bellevue engineers 
attempt design and recommen- 
dation of furnace type. 


The soundness of that policy is 
being demonstrated in plant 
after plant. Hundreds of execu- 
tives im scores of varied com- 
panies have proved, to their own 
satisfaction, the efficiency, speed, 
high production level and oper- 
ating economies of Bellevues 
that were “designed” for the job. 


You, too, will find Bellevue ex- 
perience and facilities a profit- 
able investment for your own 
furnace needs. 


Send for full details. 


BELLEVUE 
INDUSTRIAL 
FURNACE CO. 


WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


24-page Catalog Section M-8802 de- 
scribes Karbate corrosion resistant 
heat exchange equipment. Booklet 
sets forth several charts and tables 
covering heat conductivity and phys- 
ical and chemical properties of car- 
bon, graphite and Karbate materials. 
National Carbon Co., Inc. Bulletin 


Electric Furnaces. Ajax Electro- 
thermic Corp. Bulletin 106. 


Radio frequency generators for 
cutting heating time are described 
by Westinghouse Electric & Mfg. Co. 
in Bulletin B-3261-A and Descriptive 
Data 85-800. Bulletin 577. 


40-page booklet contains complete 
information on cold treating, includ- 
ing new procedures, applications, 
performance data stories, etc. Deep- 
freeze Div., Motor Products Corp. 
Bulletin 578. 


Design features of Surface Com- 
bustion standard rated convection 
furnaces are described and _ illus- 
trated in this 8-page leaflet. Bulletin 
588. 


controlled 
pieces are 
4-page 
Bulletin 


Junior Quencher for 
quenching where small 
heat treated is described in 
leaflet by Bell & Gossett Co. 
591. 


New 12-page fully-illustrated bul- 
letin on heat treating ovens has just 
been published by Young Brothers 
Co. Illustrated are typical examples 
of ovens for heat treating aluminum 
and magnesium parts, for aging, 
stabilizing and hydrogen relief of 
plated parts, for pre-heating, for 
temper drawing and for stress relief. 
Bulletin 599. 


Chapmanizing imparts costly alloy- 
hardness to steels faster than any 
other process, according to literature 
available from the Chapman Valve 
Mfg. Co. Bulletin 600. 


Open fire, case-hardening com- 
pound for surface hardening all 
kinds of iron and steel is described 
in literature by the Kasenit Co. Bul- 
letin 601. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 662, 664, 
666, 668, 670, 674, 676, 680, 681, 688, 892, 

896, 897, 898, 972, 988, 989 and 993. 
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Intricate 


STAINLESS STEEL 


CASTINGS 
Designed for their 
Particular Purpose 


Every corrosion resistant 
has one particule: 
job to do, and it is for this jo! 
and this job alone that Atlas cas' 
ings are developed. If you have 
a Stainless Steel casting in the 
Blueprint stage, Atlas metallur- 
gists can aid you best. For it 's 
then that a consultation will per 
haps save much redesigning. For 
your next corrosion, acid or heat 
resisting casting designed to « 
the job for which it is intende 

. consult Atlas. No obligatio" 
of course. 


Write for bulletin now. 
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WELDED DESIGN 


rovides such flexibility 


EXTRA 
STRENGTH 
its weed 


he 
IS ERE’S one of the principal reasons why WELDED _ steel plate, with forgings, castings, or machined parts to 
er: DESIGN is steadily gaining favor with designers of produce the most efficient type of construction for the 
as metal products. particular application. 

It’s the only fabrication method that permits a variety Welding makes this unusual design latitude possible be- 
rat of special properties to be incorporated—economically— _ cause it joins similar or dissimilar metals, permanently and 
de into a single metal product at points where such special economically, into a strong, “one-piece” unit. It points the 


properties are most needed. 

For example, steels selected for resistance to abrasion, 
high tensile strength, shock resistance, or other special 
qualities, may be embodied in the 
product where and as required. Other 
metals, such as brass or bronze, may 
also be included in the structural unit 
where desired. Moreover, welding 
permits the combination of rolled 


way to superior metal products that would otherwise be 
impractical if not impossible to produce. 

If you want technical assistance on any design problem 
involving welding and its production partner, machine gas 
cutting, representatives of Air Reduction’s Field Engineer- 
ing Division will gladly work with you. Their extensive 
background in the practical application of welding and 
cutting processes is at your service. Write to Dept. MD, 
New York office, for further information. 


* BUY UNITED STATES WAR BONDS * 


Arr REDUCTION 


General Offices: 60 EAST 42nd STREET, NEW YORK 17, WY. 
In Texas: MAGNOLIA AIRCO GAS PRODUCTS CO. + General Offices: HOUSTON 1, TEXAS 
Offices in all Principal Cities 
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UNIFORM RESULTS 


IN HEAT TREAT PRODUCTION 


With 
“~ U.S. Patent Re-issue No. 22,533 

[BALANCED 

WET jBULB™ 


TEMPERATURE 
CONTROL 


@ The NIAGARA Aero HEAT EXCHANGER 
constantly maintains correct quench temperature, 
cooling or heating, as determined by the rate of 
heat input or load fluctuations. This is accom- 
plished by the Niagara patented “Balanced Wet 
Bulb” control which automatically uses the cor- 
rect mixture of fresh outdoor air with air re- 
circulated. 


The NIAGARA Aero HEAT EXCHANGER em- 
ploys the evaporative principle of cooling, elim- 
inating costly water bills and protecting the user 
from the risk of interrupted water supply. Its direct 
savings quickly repay for its installation. Write 
for Bulletins 90 and 96. 


NIAGARA BLOWER COMPANY 


Over 30 Years of Service in Industrial Air Engineering 
DEPT. MP-104, 6 E. 45th St. NEW YORK 17, N. Y. 
Field Engineering Offices in Principal Cities 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATYy 


Attractive 4-page leaflet descrip 
uses, construction features and w 
sign of electric car bottom furng 
Hevi Duty Electric Co. Bulletin jy 


McKee “Walltite Proportionix 
and “Entrainment” gas burners » 
described in new bulletin by Ecling 
Fuel Engineering Co. Bulletin 33 


Convection tempering furnace 
with temperatures up to 1300 deg} 
are described in this new Hevi Dy 
Electric Co. Bulletin 542. 


Internally heated salt bath furnoe 
and pots. Upon Electric Furng 
Div. Bulletin 102. 


32-page booklet describes 16 inte 
esting industrial uses of high x 
quency electrical induction. (hi 
Crankshaft Co. Bulletin 459, 


8-page pictorial bulletin descrik 
the heat treating service of Cu 
nental Industrial Engineers, Inc. k 
letin 107. 


“Isothermal Quench Baths Appiité 
to Commercial Practice” is the tilt 
of this 12-page paper, a_ pracii 
and useful discussion of S curves 
heat treatment. Ajax Electric ¢ 
Inc. Bulletin 461. 


Quenching oil coolers in heat tre 
ing practices are described in thi 
leaflet by the Sims Co. Bulletin 4 


Induction heating. Induction Het 
ing Corp. Bulletin 103. 


Lithco, the chemically-neutral be 
treating process, and Lithcarb, © 
process for fast, bright gas-carburil 
ing. Lithium Corp. Bulletin 1"! 


Furnaces for heat treatment 0! 
minum, magnesium and their alloy 
Lindberg Engineering Co. Bulle 


271. 


Gas, oil, and electric heat trea 
and carburizing furnaces. Hole 
& Co. Bulletin 114. 


Certain Curtain Furnaces. © 
Hayes, Inc. Bulletin 134. 


Use Handy Coupon on !'age 652 
for Ordering Helpful Liceratv® 
Other Manufacturers’ Liter 
on Pages 652, 654, 656, 658, 000, & ™ 
666, 668, 670, 672, 676, 680, 081, &™ 
896, 897, 898, 972, 988, 98° and % 
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Corronizing Division 


bur See a Corronizing Line in action. 
r Learn about EXTRA Sales Advantages. 


Ask about Your corrosion problem. 


STANDARD STEEL SPRING COMPANY 


| Coraopolis, Penna. 
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Perforated basket for 


a continuous pickler 
Perforated basket for 
batch pickling 
Perforated basket 
with end dump, 
used on continu- 
ous hne 
“4 
ie Lightweight pickling 
basket on trunnions 


~ 


@ Extra pay load... . longer 
service life . . . greater safety 
... that’s what Weldco crates 
and baskets are built for. And 
these cost saving features are 
not yours by accident. They 
are the product of sound en- 
gineering . based upon 
your specific production 
needs and product. Welded 
in one solid piece, Weldco 
crates are available in any 
weldable material you wish 

Monel, stainless, and any 
alloy. You'll get some good 
ideas out of the Weldco cat- 
alog which shows many types 
of crates and baskets. 


WRITE TODAY 


THE YOUNGSTOWN WELDING 
AND ENGINEERING COMPANY 


3722 OAKWOOD AVENUE 
YOUNGSTOWN OH'0 
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WHATS NEW 


IN MANUFACTURERS’ LITERATUR: 


Industrial furnaces, equipment {yx 
bright annealing stainless steels ap 
ammonia dissociation equipmen 
Drever Co. Bulletin 115. 


Industrial ovens, rod bakers, wei 
ing rod ovens, furnaces. Carl-Maye 
Corp. Bulletin 116. 


Full muffle and other heat treatin 
furnaces described in catalog > 
Charles A. Hones, Inc. Bulletin 1 


Non-metallic Electric Heating Ee 
ments. Globar Div., Carborundw 
Co. Bulletin 119. 


56-page vest pocket data book 
heat treating practices and _ proc 
dures. Chicago Flexible Shaft ¢ 
Bulletin 118. 


Molten Salt Baths. E. I. duPos! 
deNemours & Co., Inc., Electrocher 
icals Department. Bulletin 123. 


Handling cylinder anhydrous 4 
monia for metal treaters. 
Ammonia Works. Bulletin 128. 


Air-Oil Ratiotrol for proportioning 
flow of fuel oil and air to oil burner 
North American Mfg. Co. Bulle! 
135. 


Two new bulletins on vertical c 
burizers and on _ carbonia fins! 
American Gas Furnace Co. Bulk 
tin 139. 


Controlled atmosphere furna 
Delaware Tool Steel Corp. Bullet 
141. 


Dual-Action quenching oil. 6! 
Oil Co. Bulletin 132. 


Heat treating, brazing and me 
ing of ferrous and non-ferrous ™ 
als. Lepel High Frequency Labor 
tories, Inc. Bulletin 147. 


Industrial Carburetors. C. M. Ke™ 
Mfg. Co. Bulletin 143. 


Vertical Furnace. Sentry Co. Bil 
letin 148. 


Use Handy Coupon on Page 682 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Lé 
on Pages 652, 654, 656, 658, 604, poe 
666, 668, 670, 672, 674, 680, 6x1, 

896, 897, 898, 972, 988, 989 and 995 
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Paths are for Beaten Men,” says Jodascon 


Look, Mr. Johnston, how production and construction men are stepping 
‘URI out in front in welding speed and economy with Lincoln ‘“‘Fleet-Welding”’: 


—PSTEP AWAY FROM THE BEATEN PATH WITH “‘FLEET-WELDING”’ 


Ele 
dun 
Pont 
er 
10U . 
Typical actual step-ups in welding speed reported 
i by two fabricators: 
er 
ot 
350% FASTER BUTT WELDING 140% FASTER FILLET WELDING 

ca “Arc Force”’ of “‘Fleet-Welding”’ makes pos- “Fleet-Welding” digs into the corner . . . in 
i sible square edge butt joints and two-pass the case of %” plate, cuts the amount of 

welding of plate as heavy as %”’. . . 9” of deposited metal by 50% and boosts welding 

joint per min., compared to 2”’ per min. with speed from 5” per minute to 12” per minute. 
‘i conventional technique. . . a Pittsburgh Cuts cost 59% . . . a Cleveland Structural 

Tank Builder. Fabricator. 


Full details and “‘Fleet-Welding” procedures in Bul. 440. Free 
on request. Consult the Lincoln Welding Engineer near you. 


elt THE LINCOLN ELECTRIC COMPANY + CLEVELAND 1, OHIO 


Aucthe. LINCOLN Guttou to 


t fo 
‘as 
recours 
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It takes the best TO MAKE THE BEST 


PLAN NOW 


FOR POST-WAR 
PRODUCTION 


CONTINUOUS WALKING BEAM— Hear 
treats material up to forty feet in length 
with minimum effort and maximum 
safety. 


CONTINUOUS BRIGHT ANNEALING— 
Equipped with woven wire belt, cool- 
ing chamber, atmosphere unit and var- 
iable speed drive for heat treating 
stampings. 


CONTINUOUS CONVECTION— Exception- 

ally uniform and close temperature 

control (400 to 1300°F.) Variable 

speed drive. Easy to load and unload. 
| Better than average delivery. 


FURNACE DIVISION 


R-S PRODUCTS CORPORATION 


128 Berkley Street ° Philadelphia 44, Penna. 


ANNEALING CONVECTION ROTARY HEARTH SALT BATH FORGING 
CONTINUOUS CONVEYOR PLATE AND ANGLE HEATING METAL MELTING CAR HEARTH 


Pay 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATY 


Tate-Jones Co. Bulle 


Conveyor Furnaces. Electric fy 
nace Co. Bulletin 149. 


High and low temperature dire 


fired furnaces. R. S. Products Com 
Bulletin 146. 


New Electric Furnace. Amerie 
Electric Furnace Co. Bulletin 1: 


Electric Furnaces for laboraty 
and production heat treatment. } 
kins Mfg. Co. Bulletin 152. 


“The Lectrodryer in the metally 
gical industries,” a new 4-page | 
letin by Pittsburgh Lectrodryer Cor 
Bulletin 155. 


Pictorial bulletin describes | 
naces for heat treating, normalizix 
annealing, forging. Vulcan Cor 
Bulletin 161. 


Flame-type mouth and _ taper 
nealing machine for steel cartridg 
cases. Morrison Engineering Cor 
Bulletin 154. 


Turbo-Compressor data bo 


shows how to calculate compress 
air systems for a dozen different 4 
plications. Spencer Turbine Co. Bu 
letin 329. 


High Temperature Fans. Michia 
Products Corp. Bulletin 158. 


No-Carb, a liquid paint for prev 
tion of carburization or decarburi 


tion. Park Chemical Co. Bullet 


156. 


Catalog of heat treating materi 
Heatbath Corp. Bulletin 322 


Standardized sizes of semi-mul 
and pot-type furnaces are descr 
and pictured in new leaflet »y Des 
sey Industrial Furnace Corp. 
letin 354, 


Use of pulverized coal in the me" 
lurgical industries, equipment 
designs, are described by Am" 
Morton Co. in Bulletin 36!. 


Use Handy Coupon on Page 6 

for Ordering Helpful Literature 
Other Manufacturers’ Liters(ure 
on Pages 652, 654, 656, 658, (00, % = 
666, 668, 670, 672, 674, 676, ©S1, &&™ 

896, 897, 898, 972, 988, 98” and 993 
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VHAT’S NEW 


MANUFACTURERS’ LITERATURE 


Line of Altitude Chambers in 
hich products and materials may 
tested at any given altitude, tem- 
rature and degree of humidity is 
scribed in new catalog issued’ by 
id-Hold Mfg. Co. Bulletin 549. 


w. S. Rockwell Company has 
sued two new bulletins—an 8-page 
aflet on oil or gas fired forge fur- 
ces and a 4-page folder on stand- 
d pot furnaces. Bulletin 555. 


“Why Heat Treat in Baths?” is the 
le of an interesting discussion by 
be Bellis Heat Treating Co. on the 
e of liquid heating media and the 
test Edicurrent Furnaces.  Bulle- 
n 560. 


Laboratory and tool room furnace. 
ihr Mfg. Co. in new Bulletin 327. 


§2-page catalog describes in detail 
eneral Electric heat treat furnaces. 
ulletin 380. 


Furnaces for heat treating tools, 
ies and parts are described in new 
by Despatch Oven Co. Bul- 
tin 362. 


New booklet describes uniform 
ase hardening up to .150” with con- 
lled carburizing baths. American 
my & Chemical Corp. Bul- 
tin 372. 


New book “Hardness” describes 
nd evaluates hardness research of 
ted pioneers, methods of testing 
d testing instruments. Nitralloy 
rp. Bulletin 366. 


Four basic heat treating atmos- 
eres are described in new booklet 
y Westinghouse. Bulletin 383. 


The complete line of heat treating 
races, burners and other equip- 
hent of this company is described 
d illustrated in new bulletin “D” 
ust issued. Eclipse Fuel Engineer- 
ng Co. Bulletin 483. 


_Vapocarb-Hump method for heat 
eatment of steel is the title of a 
ewly-revised catalog issued by 
eeds & Northrup. Bulletin 453. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Uther Manufacturers’ Literature Listed 
© Pages 652, 654, 656, 658, 660, 662, 664, 
» 065, 670, 672, 674, 676, 680, 688, 892, 

596, 897, 898, 972, 988, 989 and 993. 


THIS ALVEY - FERGUSON Duo-Cleaning Equipment 
was built in the form of a “Siamese Twin” — with the 
Rotary Drum Machine and Wire Mesh Conveyor 
Machine built side-by-side in the same housing and 
using the same set of pumps and the same supply tank. 


The small parts are conveyed to the machine in metal 
boxes covered with cutting oil. The small parts are 
cleaned in the rotary drum machine, the metal box in 
the wire mesh conveyor machine. The parts and box 
are thoro-cleaned as they “race” through the equipment 
which is synchronized so that the box always comes out 
first, in plenty of time to carry the same parts on to 
their destination. 


The loading hopper on the rotary drum side can be 
operated from either end of the machine. 


Have you a metal products cleaning and finishing 
problem? Let us help you solve it. Write today. 


I See Our Exhibit - Booth $-162 


National Metal Cleaning Show 
OCTOBER 16 - 20 


THE ALVEY-FERGUSON COMPANY 


165 Disney St. _—Mices in Principal Cities = Cincinnati 9, Ohio 


Affiliated Corporation: 


The Alvey-Ferguson Company of California, P. 0. Box 396, Los Angeles 11, Cal. 


“CONVEYING EQUIPMENT 


Alvey-Ferguson 


\ 


METAL PRODUCTS CLEANING & FINISHING EQUIPMENT 
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Many assemblies that are forged, cast, Or mao- 
chined from solid stock can be made more 


economically, and with great savings in scarce mo- form 
chine-time and materials, by utilizing less-critica! stam 
stamping, screw-machine, and punching facilities nace 
and electric-furnace brazing. For example .. . macl 

utes, 


. . . bonds made by electric-furnace brazing have . . . the alloying effect of the brazing metal with 

great strength, uniform tightness, and excellent ap- the parent metal and the knitting effect between oe 

pearance. This test bar, made of a series of 14-inch- the two parent-metal surfaces, shown by this photo- the n 

square by 14-inch-thick steel blocks copper-brazed micrograph of a copper-brazed joint between two prote 

together, resisted the tendency to shear even when pieces of steel of slightly different analysis. A recon 

twisted 360 degrees. Two reasons for this are . . . typical furnace-brazing equipment consists of “ate 
Or Sf 


ELECTRIC 
FURNACES: FOR PRACTICALLY EVERY INDUSTRIAL NEE 


BACKED BY A NATIONWIDE ENGINEERING SERVICE 


PIT FURNACE 
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_ this trigger housing for a .30 caliber carbine, 
formerly forged and machined, is now made of 
stampings, spot-welded together and electric-fur- 
nace brazed. No scarce forging capacity is used; 
machining time has been cut from 28.8 to 7.2 min- 
utes, cost reduced 50 per cent. In another plant . . . 


. an electric furnace with a cooling chamber, 
the necessary controls, and a device for supplying 
protective atmosphere. A roller-hearth furnace is 
recommended for large-scale production, a mesh- 
belt furnace for medium production, a box-type 
for small-scale production. It will pay you to .. . 


CAR-BOTTOM FURNACE 


Every week 192,000 G-E employees purchose more thon o 
million dollars’ worth of War Bonds. 


. this fuse adapter, which weighs 0.97 lb, was 
formerly machined from a 3.83-lb solid steel bar. 
Now it is made of two stampings, furnace-brazed 
together. Machining time has been cut from 0.23 
hour to only 0.045 hour per part, scrap reduced 
from 2.86 to 0.84 Ib. It has been proved that . . . 


. . get in touch with one of our many industrial- 
heatin specialists, who are located in principal 
cities. He will be glad to advise if one or more 
of your products can be redesigned for electric- 
furnace brazing. His recommendations are based 
on many years of training and wide experience. 


- « - Get in touch with the nearest G-E 


office or mail the coupon below: 


General Electric Company, Sec. E675-100 
Schenectady 5. New York. 


Please send me your 50-page bulletin, ‘How and 
Where to Use Electric-furnace Brazing,”"’ GEA-3193. 


Please send me your bulletin describing the 


following types of furnaces: 


Please have a G-E heating specialist call at 


the earliest opportunity. 


NAME .. 

COMPANY. 

ADDRESS... 

.... STATE 


BRAZED 
a 
a 
HEVATOR FURNACE | 
| 
| 
| | | 
GENERAL “5 ELECTRIC 
we 
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Parts Can Be Handled Economi- 


cally Even At High Temperatures 


The excessive cost — in replace- 
ments — of handling parts and 
materials at high temperatures 
has been substantially reduced by 
the use of containers, conveying 
equipment, supporting members, 
fixtures and furnace parts of heat- 
resisting Amsco Alloy, backed by 
Amsco engineering design and 
Amsco metallurgical research. In 
every industrial operation where 
high temperatures are encoun- 
tered, castings of Amsco Alloy 
have replaced parts of other 
metals which failed prematurely, 


with ultimate profit to the user. 


Amsco Alloy is made in a num- 
ber of grades to afford maximum 
service life for parts subjected to 
various conditions of extreme 
heat, rapid temperature changes 


and corrosion. A few of these ap- 


plications are pictured. 


AMERICAN MANGANESE STEEL DIVISION 


Chicage Heights, 


R-846. Furnace doors of Amsco 
Alloy F-10, with welded-on han- 
dles of the same analysis. Lined 
with brick, they are used on fur- 
naces in a steel mill. 

R-841. F-10 burner nozzle for 
an oil or gas burner in a steel 
mill. Amsco Alloy burners and 
tuyeres have been made in many 
shapes and types. 

K-31. Work holder of F-1 
Amsco Alloy. The lugs on the 
bottom fit over the ribs on a tray, 
and a hollow end propeller shaft 
fits over the four prongs. This 
alloy has the highest available 
strength at temperatures up to 
2000° F. 

Many additional applications 
of Amsco Alloy for handling ma- 
terials at high temperatures are 
shown in Bulletin 108. Heat treat- 
ing containers are shown in Bulle- 


tin 1041-A. 


FOUNDRIES AT CHICAGO HEIGHTS, RL, MEW CASTLE DEL, DENVER, COLO, OAKLAND, CAUF, LOS ANGELES, CALIF, ST. LOUIS, MO. 
OFFICES IN PRINCIPAL CITIES 
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WHATS NEW 


IN MANUFACTURERS’ LITER) 


“Heat Treating Topics’’ is titi 
new bulletin of special intere 
heat treaters, issued by Rex &5 


Bulletin 424. 


Thirty-two-page booklet, “Pr 


tion Data,” presents several art 


from “The Houghton Line.” 
Houghton & Co. Bulletin 475. 


A new technical bulletin ; 
information on Calliflex Bi-ns 


Callite Tungsten Corp. Bulletir 


112 pages packed solid with ¢ 
to-earth data on industrial con 
tion and heat practice. Hauck 
Co. Bulletin 477. 


Aero Heat Exchangers for the 
stant and accurate control of tex 
ature in liquids or gases ar 
scribed in this 4-page leale 
Niagara Blower Co. Bulletin 5 


Interesting 20-page booklet 
tains extensive heat treating | 


mation, including a glossary of te 


table of weights of square andr 
bars and a hardness conve 
table. Pittsburgh Commercial 
Treating Co. Bulletin 509. 


Gas-fired tool room furnaces 
pot furnaces are described in ! 


two booklets by Bellevue Indus 


Furnace Co. Bulletin 522. 


Merits and economy of pulver 


coal firing for metallurgical fur 


are discussed in this bulletin by! 


cock & Wilcox Co. Bulletin 53 


REFRACTORIES © 
INSULATION 


4-page leaflet describes 
Patch, a_ fast-setting, 
magnesia refractory for quick! 
of deep bottom holes in bas 
hearth furnaces. Basic Refrat' 
Inc. Bulletin 590. 


Use Handy Coupon on Page ™ 

for Ordering Helpful Lites 
Other Manufacturers’ Literature © 
on Pages 652, 654, 656, 65°, 660, ™ 


666, 668, 670, 672, 674, 67 a 


896, 897, 898, 972, 988, 989 #8 
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Trends in Alloy Steels 


By A. B. Kinzel 


enior Consultant 
Metals Branch 
“onservation Division 
War Production Board 


An appraisal of post-war developments 
based on a close acquaintance with the 
recent history of alloy shortages, scrap 
supply, and new steels developed for spe- 


cial ordnance purposes. This text is 


adapted from a talk before the Washing- 


ton ( ‘hapter S early in the spring. 


HE PRE-WAR DEVELOPMENT of alloy 

steels, similarly to the development of other 
engineering materials, was predicated on obtain- 
ing a better performance-cost ratio. Primarily, 
this could be provided either by relatively expen- 
‘ive new alloy steels having unique properties 
Which were well worth the cost, or by steels with 
Properties identical to those previously obtained 
but of lower cost. With the advent of war con- 
“itions, particularly the limitation on the total 
‘mounts of specific alloys available regardless of 


cost, the criterion of advance and improvement 
changed. In a way this change may be consid- 
ered a minor change, in that pounds of specific 
alloying elements were substituted for dollars 
in the prior concept. But the practical difference 
was intensely real, particularly when the antici- 
pated supplies of alloy steel scrap were consid- 
ered. As a result, our metallurgical problems 
were tackled from a new point of view and it is 
of interest to examine the developments to see 
how they now appear and what influence they 
will exert in a more normal economy. 

Consider the steels in their usual categories 
of uses — that is, as-rolled or normalized struc- 
tural steels, heat treated engineering steels, tool- 
steels, and high alloy stainless steels: 

There have been few new developments in 
the low alloy, as-rolled or normalized structural 
steels. As a war measure, the peacetime use of 
such steels was largely eliminated. Moreover, 
these steels were already designed with low alloy 
content so that there was little to be gained by 
getting new combinations. Rather did the trend 
emphasize the use of those low alloy. steels, 
already developed and well known, containing 
none of the more critical alloying elements. 
Possibly the most significant change in this direc- 
tion was the substitution of manganese-titanium 
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for manganese-vanadium steels in certain types in the final heat treating step. Obviously th 


of ship construction, and the direct return to the lower the final tempering temperature, the greate [pti 
more suitable manganese-vanadium steels as soon the effect of the as-quenched structure, but (iow 
as the availability of vanadium permitted. Fur- seems to be universally true that whether due. Bick: 
ther of significance in this field is the expanded tility be measured by static test, notched inipac pets 
use of low alloy steels of chromium base and test or ballistic test, maximum ductility at any Hiro: 
manganese base, due primarily to the lesser given tensile strength is correlated with hom 
availability of nickel. As nickel is still not too geneous martensitic structure in the quench: tee! 
readily available, it is too early to say to whal condition. sed 
degree this trend will be reversed, but) some This principle is of major import in connec. Hie | 
reversal is probable. tion with engineering design. Rarely has the Mijecti 
A word on the weldability of low alloy steels engineer or designer felt’ secure in specifying | 
is in order. Under the war stimulus, research on steels of over 150,000 psi. tensile strength fo Hpi b 
weldability has been markedly intensified. The normal service in machine parts, whether it be igen 
value of austenitic weld deposit) material has in automotive or other engineering applications Hise ° 
been amply demonstrated. Methods have been With the application of the knowledge gained jy Rnce 
evolved for specifying weldability of low alloy the development and use of engineering an bilit 
steels based on the Jominy hardenability test and ordnance steels in the past few years, they may Hiplloy 
the notch bend performance of the end-quenched now be assured of steels uniformly and regular! em 
bar at various distances from the end. These having adequate ductility at strength levels wel JMbures 
tests may or may not prove to be sufficient for in excess of the aforementioned 150,000 psi pnd | 
the welding engineer but they should be of major even use of design stresses of 200,000) psi. wi 
aid to the steel industry and the specification rot be uncommon, ddit 
engineer, particularly as they may be applied to The amount and type of alloy necessary & Jp! th 
heats of steel on the pouring platform, thus per- provide the required as-quenched structure in Jj ts 
mitting rolling of the heat into heavier or lighter strong steels for such applications will depend BRp0n | 
sections, or complete diversion of the heat, as on the nature of the quench and on the sect mp bilit 
the test may indicate. at hand. Quenching technique in itself has mad » th 
Possibly the most important changes have enormous strides of late and, coupled with th he ; 
come about in the heat treated steels, and of knowledge as to just how much alloy is neces get 
course the National Emergency or NE steels are sary to get the desired result in any given seetio! S St 
the outstanding example. Among these, the 8600 makes for maximum economy in the use la 
and 8700 series have had by far the widest appli- alloy. Suitable steels obviously will not be lean | lect 
cation and have been ideally suited to the cir- alloy content; the total alloy must be sufficien! loy 
culating supply of alloy steel serap = — and _ still to provide a full martensitic structure on queneh ver 
ure ——as well as to economy in the less available ing. It is anticipated that this field of applicatio ning 
alloying elements. In this connection might will be well served by the steels in the oro 
be emphasized that of all the usual alloying ele- (Ni-Cr), 4100 (Cr-Mo), 4300 (Ni-Cr-Mo) and 610) Biteet 
ments considered strategic at one time or another (Cr-V) series, particularly if special addition Bp ore 
during the present war, only nickel remains agents are used and if tolerances on residual BRP" ic 
under sufficiently rigid allocation as to present elements are broadened. The latter is to be BP | 
any problem, and even that element is much expected in view of the scrap situation which wi!) BBP ses 
more plentiful than some short time ago. confront us for some time to come. pomee 
Much has been heard of hardenability factors In steels of lighter section, or for less critic! col 
in connection with the newer steels; and Doctor service, the NE steels as well as the 1300 (Mao fhe 
Grossmann, the retiring President of @, has ably series should serve adequately. In this conne: poror 
told that story. There is, however, one phase of tion it might be mentioned that where low te Be°"! 
hardenability that I would emphasize in connec- pering temperatures are involved, the nature mae 
tion with future trends. This depends on « — the martensite obtained in the 1300 series — [h rp 
metallurgical principle which, though old in lore, is, the plain manganese steels ——is much akin! me i 
has now become both well founded and _ better that obtained in plain carbon steels whose nor ugh! 
appreciated. That principle might be enunciated manganese is one-half to one-third as much, 2 a 
as follows: “Maximum duetility in a quenched apparently lacks the homogeneity obtained his 
and tempered structure results when maximum other alloy steels. This is true even in thy ot 
homogeneity (generally 100° martensite) is quenched sections which appear to be through wh 
obtained on quenching.” This is true even though hardened. This does not necessarily mean thal 4 
t 


relatively high tempering temperatures are used the steels are unsuited for parts which mus 
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yenched and tempered but it does mean that the 
ptimum in physical properties is not achieved. 
jowever, addition of relatively small amounts of 
ickel, chromium or vanadium, does permit the 
to obtain optimum properties in 


etallurgist 
yrough-hardened sections. 

Therefore we may look forward to an alloy 
tee] economy in which the older alloy steels are 
sed at increasingly higher design stresses, with 
he newer steels fulfilling the need in smaller 
Bections and intermediate strength ranges. 

Much has recently been heard of the effect 
{ boron and special boron-containing addition 
vents, and these additions have had _ sufficient 
mse so that we are beginning to acquire experi- 

nee with them. That they increase the harden- 
Bhility similar to the effect of the more usual 
Blloy additions) is now well recognized and well 
emonstrated. However, there are certain fea- 
fures of the boron reaction which are not identical 


pnd warrant comment. 
The addition of boron or analogous special 
ddition agents results in a simple translation 
»{ the usual S-curve to the right with little change 
n its slope. Obviously, the inflec- 
dion point of the Jominy harden- 
Mbility curve is likewise pushed 
ithe right. This means that if 
Bhe alloy content of the steel, 
“ether with the boron content, 

sufficient to through-harden 
na given the boron 
lect is similar to the more usual 
‘loy effect in that section. How- 
ver, When such through-hard- 
hing is not complete, then the 
poron content has much less 
ect than does any one of the 
puore usual elements. This is 
pulliciently marked as to warrant 
fhe use of boron only in those 
Where the normal alloy 
rontent of the steel is already at 
comparatively high level for 
the section. In other words, the 
boron addition is most useful in 
ronjunection with important 
mounts of other alloying ele- 
ents, and it plays but a small 
le in steels which are not thor- 
ughly quenched or otherwise 
horoughly through-hardened. 
‘his is consistent with the sim- 
le translation of the S-curve 
nd with the postulate that the 
boron does not change the char- 
eter of the martensite produced. 


section, 


ASCS 
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Thus, while we may expect to see an impor- 
tant use of boron addition agents in alloy steels, 
it should be recognized that the more usual alloys 
are still necessary as the base on which to build 
the analysis. 

Another trend which is well worthy of note 
pertains to the role of silicon in engineering steels. 
Some years ago 0.19% silicon was a common 
level for them. Even before the war, a definite 
trend toward increased silicon content was evi- 
dent. With the understanding brought about by 
Grossmann’s concept of mutual reinforcement of 
multiple elements in a single analysis, and with 
increased experience, the silicon content has been 
further increased so that in many of the engi- 
neering steels it now approaches 0.35% a value 
which is now commonly specified as a maximum. 
Still higher silicon contents have been used, par- 
ticularly in some of the special steels, but as 
approximately 0.40 silicon is surpassed, addi- 
tional mill problems present themselves. 

It is probable, however, that the trend toward 
higher silicon in the more usual steels will con- 
tinue, that the present 0.35 maximum will be 


Twin Mounts of 5-In. Anti-Aircraft Guns Being Low- 
ered on Turret-Base. 
Plant, Louisville, Ky. 


Courtesy U.S. Naval Ordnance 
(Westinghouse Operated) 
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closely approached in all engineering steels, and 
that in many instances this maximum limit will 
be raised. Where special deoxidizers which like- 
wise promote hardenability are used — zirconium 
being outstanding in this respect — still higher 
silicon contents are common and are responsible 
for a more complete deoxidation, improved hard- 
enability, and greater ease in achieving finer 
grain size. The pronounced trend toward steels 
of this type, evident in the last few years, will 
undoubtedly continue. 

Carburizing steels are frequently classified 
with engineering steels. They represent an 
important special case. It is significant that in 
spite of the many attempts to obtain truly satis- 
factory carburizing steels of newer types, it is 
still broadly true that no steels have been devel- 
oped which are as satisfactory as those based on 
nickel or chromium as the major alloying ele- 
ment, frequently supplemented with molybdenum 
or vanadium. Perhaps further research and 
development will lead to other improved steels in 
this field, but as yet this has not been achieved. 


Toolsteels 


In the toolsteel field the two categories of 
main interest are high speed steel and those tool- 
steels comparatively low in alloy. Wide substi- 
tution has occurred in the high speed steels with 
particular emphasis on the use of molybdenum 
in place of tungsten. Experience has shown that 
the steels of the nominal 6-6 (W-Mo) type have 
many uses and will undoubtedly fulfill an appre- 
ciable portion of future toolsteel requirements. 
On the other hand, experience has further shown 
that the 18% tungsten steels are better suited to 
a large portion of the applications, and these 
steels are rapidly returning to their normal posi- 
tion in the toolsteel field now that more read- 
ily available tungsten has been released for that 
purpose. 

The role of vanadium in high speed steels 
has also been emphasized. Through the pre-war 
years there was a gradual trend toward increas- 
ing the vanadium in the 18-4-1 (W-Cr-V) type. 
With the wider use of the 6-6 (W-Mo) type con- 
taining close to 2% vanadium, the role of vana- 
dium in providing wear resistance was better 
appreciated, and it is probable that the pre-war 
trend to increased vanadium now will be acceler- 
ated. In toolsteels other than the high speed 
steel type, the role of vanadium again has been 
emphasized. Its elimination, during critical 
months, resulted in less desirable toolsteels, so 
that when vanadium once again became available 
it was almost universally reinstated. 
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Stainless steels, due to the large amounts of 
alloys involved, have been the subject of mueb 
development and. modification in the past fey 
years. While from these experiences a numly 
of detailed conclusions may be drawn, there ay 
a few which stand out as major: 

One of the obvious conclusions is that ther 
is no substitute for chromium in stainless steels 
Again there is no complete substitute for nick: 
in the austenitic steels for chemical applications 
Furthermore, manganese, while useful as a syb. 
stitute for nickel in many instances, is even mor 
useful as a supplementary alloy. There has bee: 
and will continue to be an increasing trend 
toward higher manganese content in the olde: 
standard analysis such as the well-known 18 
chromium, 8% nickel steels, and in the 25 
chromium, 12% nickel types. The importane: 
of nitrogen has likewise come to the fore; jin j 
we have an austenite promoting element similar 
to carbon in all respects except that it does n 
carry with it many of the disadvantages of car. 
bon, such as carbide formation and segregatio 
and generally lowered corrosion resistance. 

A whole new chapter has been written ii 
high temperature metallurgy which proper) 
comes under the heading of stainless steels bu! 
the time is not yet ripe to tell the story. 

To summarize: While the present ratio | 
alloy steels to carbon steels (about 15% or per 
haps a little more) will probably not be main 
tained when the production of war material 
tapers off, it is probable that this ratio will con- 
tinue to be somewhat in excess of the 6 or / 
current in pre-war years. The better unde! 
standing of the use of alloys will result in eng: 
neering designs for steel at considerably highe' 
strength levels, and the more conventional allo) 
steels will maintain their position in the indus 
trial picture. In addition, the leaner alloy stee!s 
such as the NE8600 and 1300 series wil! fulfi 
an additional role for use in smaller sections ane 
in the lower strength levels. High speed steels 
of the 18% tungsten type will continue to be th 
main standby of the toolsteel industry }.t! wil 
be well supplemented by varieties contain 
sizable molybdenum percentages. Stainless 
steels will continue to expand in use with chr 
mium as a major element, with nickel continu!" 
to fulfill its important role in the austenitic typ 
and with manganese supplementing the nich 
In spite of the competition of plastics and m™ 
ferrous metals, we may well expect alloy s' 
to have a still more important place in the ind 
trial picture — this as a result of their const” 
improvement and the better understanding 
their properties. 
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By Cecil J. Mayo 
Plant Engineering Dept. 

Lockheed Aircraft Corp., Factory A 
Burbank, Calif. 


hanging end-wise. 


SOLUTION HEAT TREATMENT of aluminum 

alloys is a subject of prime importance in the 
manufacture of modern aircraft. For this rea- 
son, the subject was one of the first attacked 
iter the decision of the Lockheed management 
'o build the former Vega Aireraft Corp., now 
Lockheed Factory A, into a major producer, and 
i investigation was therefore undertaken by the 
design engineering and the production depart- 
ments. Specifications for heat treating were 
worked out wherein it was decided that heat 


‘Treating would be conducted from the basis of 
netallurgical considerations alone and no com- 
/fomises for production reasons would be 
permitted. 


Control of the process would be con- 


Elevator type furnaces, with electrically heated and 
recirculated atmospheres, developed many troubles 
from sagging doors and faulty hoisting device. 
They were rebuilt with a positive-action plunger 
hoist which carries the load at all times and whose 
motion is adequately interlocked with the door- 
opening ‘mechanism. Problems {now have princi- 
pally todo: with construction of work racks and 
provision of furnaces with high head-room, so 


long pieces or sheets can be heat treated while 
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Furnaces for Heat Treating 


Aircraft Parts of Aluminum Alloy 


ducted by the engineering and 
inspection departments, but the 
type of equipment and manner 
of achieving results would be in 
the hands of the production 
department. 

In the summer of 1940, 
when these decisions were made, 
there was very little high pro- 
duction equipment that would 
conform to the standards set. 
G. H. Prudden, assistant works 
manager, made an extensive 
inspection trip through the 
industry and came back, if not 
with the equipment procured, 
certainly with the needed designs 
firmly in mind. 

At that time, the use of salt 
baths was the most effective 
method of heat treating duralu- 
min. However, they had serious 
handicaps in their application to the problem at 
hand which did not seem to be capable of imme- 
diate and successful solution. These problems 
were admittedly not connected with the produc- 
tion of properly heat treated parts in a salt bath, 
but rather in the field of related operations. An 
adequate method of handling parts in and out 
of salt baths had not then been devised. Likewise 
the cost for dragout of a mixed potassium and 
sodium nitrate salt was a considerable item. 

Finally, there was the question of labor. The 
summer climate of Burbank is scarcely that of 
the seashore, the hot weather lasting from May 
to October. Temperatures commonly exceed 90°, 
occasionally 100°. In one summer the tempera- 


‘ 


ture at Lockheed Airport reached or exceeded 
105° every day for a period of three weeks. 
Southern California labor has always been averse 
to working under these conditions, and it was 
thought that a large salt bath installation in the 
center of the fabrication section would meet with 
serious objections from the workmen operating 
them and people in surrounding sections as well. 


Circulating Atmosphere Chosen 


For these reasons, it was decided by Mr. 
Prudden and his associates that the circulating 
air furnace type would be used for heating equip- 
ment. This decision has proven to be an 
extremely fortunate one. At the present time the 
aluminum heat treating division is in the most 
densely populated area of the plant. Over two- 
thirds of the employees are women, and there is 
little or no objection to summer operating tem- 
peratures. If we were to attempt lo operate large 
salt baths with the present personnel, the problem 
of obtaining an adequate labor supply would 


Fig. 1 
Treating of Duralamin Parts. 


undoubtedly be greatly intensified by the he 

The plant engineering department y 
directed to set up specifications with the abo 
principles as a guide and to procure and inst; 


the necessary equipment, and invite bids. The 


specifications called for furnace temperatures | 
be maintained throughout the furnace with 
+5° F. of specified temperature, immersion in 
still water quench-tank within 10 sec. aft 
removal from the furnace, and the maintenap 
of suitable working conditions in the heat tre. 
section and surrounding areas. The empty fy 
naces were to be capable of recovering the 
operating temperature within 20 min. after elo 
ing the furnace doors. Operation was to | 
entirely mechanical. The furnaces were to } 
capable of heat treating 8000 Ib. of airframe par 
in two 8 ar. shifts, the third shift to be availab) 
for emergencies. 

Three firms submitted bids, but only « 
would guarantee meeting the 10-sec. immersi 
requirement. As a consequence, two furnaces 
this make and design were purchased in the 


Battery of Three Elevator-Type Furnaces at Lockheed Factory A for Heat 
All have plunger type elevating mechanisms, and 


quench tanks with still water depressed in floor immediately below the furnace 
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were of the bottom-drop type with the quench pit 
directly below. ‘This was an added advantage in 
space saving, as by this time the aircraft program 
had been advanced and the originally commodi- 
ous plant area was shrinking alarmingly in the 
light of coming production schedules. 

As is evident from the photographs repro- 
duced on these pages, the rectangular furnace is 
set on columns clearing the floor by about 8 ft. 
lop and sides are closed in a steel box. Electrical 
resistors held by the refractory lining produced 
the heat, and temperature uniformity maintained 
by vigorous air circulation (fan and housing 
placed on top the furnace shell). Bottom of the 
furnace was closed by “doors”, really a flat hearth 
split along the center line of the furnace. Each 
door was suspended from two-wheel trolleys at 
either end, and the furnace was opened by slid- 
ing the doors apart, one horizontally to the right, 
the other to the left. 

Our first two furnaces were put in operation 
in the spring of 1941. Control of the production 
was established by positioned samples in the fur- 
jnace racks, by regular zone temperature readings, 
and by continuous spot samples of production 


parts from positioned loca- 


of 1940 and installed in the spring of 1941. They 


the connection between one of the chains and the 
‘age broke, letting one end of the fully loaded 
rack drop into the pit while the other end stayed 
up in the furnace! 

Another cause of trouble in the heat treating 
operation was the distortion of racks on which 
parts were loaded. Various designs and types 
were tried and the trouble largely solved by use 
of X-4130 airplane tubing which was heat treated 
to the full hard condition before assembly and 
drawn by holding at the furnace temperature of 
920° F. for 4 hr. after assembly. These racks 
gave an average life of 12 months and did not 
distort while in service. 


Serious Operational Problems 


The action of the door operating mechanism 
was jumpy and caused continual failures due to 
the rack carriage or cage not clearing the open 
doors. The carriage was abandoned, and a sim- 
ple I-beam track support substituted, which was 
easily replaced when distorted. However, the 
difficulties steadily multiplied and the fully auto- 
matic features of the furnaces steadily disap- 


peared. By the end of the first vear’s operation, 


Btions in the load. Minor 
difficulties appeared at 
once, and corrections were 
Bapplied as rapidly as pos- 
However, the fur- 
haces continued to develop 
more 


Fig. 2-— Close-Up of Hoist Plunger, Four Light Guide Rails to 
Carry Racked Load Into Furnace, and Horizontal Sliding Doors 
Forming the Furnace Bottom. Control cubicle is shown at left; 


air control valves on the building column at extreme right. 
Contactors and disconnects for heating power are alongside 
furnace above (not shown) and are reached by narrow balcony 


sible. 


and worse 


opera- 


tional troubles as soon as 


the flow of parts became 
As an example: 
Work racks, cages, or car- 
channel and 
angle iron construction 
were raised into the fur- 
lowered) by 
means of two chains pass- 
ing over two sets of 
sprockets and attached to 
counter-weights. With 
slow operation, these 
chains rode the sprockets, 
but when the operation 
Was speeded up to obtain 
less than a 10-see. quench, 
they frequently jumped 
of. Also, the counter- 
Weights caused several 
Shut-downs in production, 
om one occasion by over- 
shooting and jamming; 


normal. 


rages of 
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the furnaces had become a maintenance and 
operational nightmare, with one or more major 
breakdowns per week. During this time the pro- 
duction schedule reached its peak and stabilized, 
but we were increasingly conscious of forthcom- 
ing trouble when the accelerated schedule of 
B-17F aircraft got into swing. 

The saving grace during all this time was 
the furnaces’ metallurgical performance; it con- 
tinued uniformly good. The plant engineering 
department, charged with the responsibility of 
satisfactory design and maintenance of the equip- 


Fig. 3 


-Two Types of Loads in Handling Racks 


load could not be placed at the same level each 
time for loading and unloading. 

It was decided to procure one new furnace 
of this type which would be installed first, and 
then rebuild the others. This new furnace was 
scheduled for delivery in early February, 1943, 
and foundation and quench pit drawings were 
prepared. However, before the work of installa 
tion could be started, one of our existing furnaces 
developed serious difficulties from the metal. 
lurgical standpoint and immediate rebuilding 
was decided upon. To do this, the operating 


-Very Large Long Parts in Foreground, 


Small Dished Parts at Rear. Rack shown is of ordinary steel and sags quickly even though 


ment, re-opened the question of making a general 
revision of the furnaces and the procurement of 
additional equipment. The maintenance factor 
was further aggravated at this time by the short- 
age of alloy steel tubing for work racks, which 
resulted in much heavier and more easily dis- 
torted racks made of the only common steel that 
was available. 

Before starting on any new design, recent 
furnace developments were investigated and it 
was decided to employ a new type of operational 
device known as the “Knapp-Lee Quick Quench 
Furnace”, manufactured in Los Angeles. This 
type of operating device supports the load from 
beneath at all times, even while in the furnace. 
The elevator also locks at the loading and unload- 
ing level, which eliminates the objectionable 
factors encountered in the old type where the 


it is much heavier than would be required with heat resisting alloy of good creep strength 
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hoist from the new furnace was diverted to the 
rebuild job. 

In rebuilding the quench pit, it was neces 
sary to increase the depth about 3 ft. During 
the time the pit was being deepened, the furnac 
was stripped to the shell, the electrical beatin: 
elements and bus bar sent to the shop for rep! 
and alteration, new contactors installed and th 
doors rebuilt. The distribution of the heats 
elements was changed, the air ducts revised, as 
end door removed and the end closed solid 
Places where the original lining had sasseé 
causing malfunctioning of the air distribute" 
system, were braced into place and sec! ed 

The hoist was placed 14 days after the '"" 
nace was shut down and re-assembly went '" 
ward as rapidly as possible. \ The rebuilding ¥* 
complete in 22 days, and although some ope 
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Fig. 4— Rack of Large Parts, Such as 
Shown in Fig. 3, in Place at Floor Level, 
Ready to Be Hoisted Into Furnace as Soon 
as Bottom Doors Slide to Right and Left 


‘tonal trouble has since developed, the furnace is 
till in continuous operation and has fulfilled all 


our anticipations. 

The new furnace which was to be delivered 
‘ould have superior temperature distribution, 
‘ue to the improved design and installation of 
eating elements. In an effort to approximate 
his condition when rebuilding the old furnaces, 
he heating elements were regrouped with the 
'W input 60-kw. unit on the lower side and the 
‘-kw. unit on the upper part of the walls. This 
esulted in low temperatures at the top of the 
‘urnacs under low input or soaking conditions. 
Vhen the 90-kw. heating element was used for 
““ Input, the bottom of the furnace was cold. 
The problem was solved by the addition of a 
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proportioning controller which alternately ener- 
gized the 90-kw. and 60-kw. elements under low 
input conditions; power was on 40% of the time 
on the 90-kw. and 60% of the time on the 60-kw. 
heater. This was so successful that a tempera- 
ture distribution of +2%2° F. has been maintained 
since, and we have been able to increase the con- 
troller temperature to hold at the exact specified 
heat treating temperature with absolutely no 
reject parts due to blistering. Test samples are 
always within the allowable 5% limit on material 
variation, and well above minimum yield loads. 

The new furnace which we know as No. 3 
was not immediately available when the old ones 
were rebuilt, but the foundation was installed 
and preparations made to receive it. Great care 
was taken in this new furnace to avoid any waste 
in vertical dimensions, so the equipment could 
handle the longest part to be anticipated, when 
hanging with long dimension vertical. Clearances 
were as small as \% in. on sides and ‘2 in. in 
height. This furnace has now been in continuous 
operation for over a year, interrupted only for 
minor repairs made necessary by warping racks. 
A prime feature of this satisfactory operation 
rests with the positive action of the plunger hoist. 
Four light guides near the corners of the rack 
supporting grillage (or elevator platform) avoid 
trouble when entering the furnace under %-in. 
clearance. The floor-level locks are also clearly 
shown in Fig. 2. 


Cycle of Automatic Operations 


The normal cycle of all our rebuilt and new 
furnaces is now as follows: 

With the elevator platform or grillage at 
floor level the loaded truck, or basket, is pushed 
on the receiving track and wheels locked. The 
starting button is pushed which opens the doors. 
When doors are opened, a contact is made which 
starts the hoist “up”. After the load is in the 
furnace chamber, a limit switch trips, the hoist 
stops and another contact is made which permits 
the doors to close. All of these contacts are inter- 
locked so that it is impossible to raise the load 
into, or lower the load out of, the furnace when 
the doors are closed or only partly open. 

Temperatures are controlled by a single 
Leeds & Northrup Micromax Model S recorder- 
controller. This unit is equipped with a double 
set of contacts so that when the temperature 
approaches the control setting, the heat input is 
automatically reduced and when the control point 
is reached, the heat input is shut off. The elec- 
trical supply then goes on a time cycle as already 
described for the low input or soaking period. 


ich 
~ 
13, 
la- 
al | 
4 
ng | 
— 
if 
Walk 


When the heating and soaking cycle is com- 
pleted, the doors are opened and the load drops 
rapidly to the surface of the water where it is 
momentarily checked, and then drops quickly 
into the water. As soon as the loaded basket 
clears the doors, they automatically close, thus 
conserving heat. 

Loads are quenched in 7 sec. after the fur- 
nace door starts to open. This time can be 
varied from 2% to 20 sec. by a simple adjust- 
ment. We have found that a 7-sec. elapsed time 
for total immersion gives maximum corrosion 
resistance to thin parts. Shorter times do not 
materially reduce copper segregation, and do 
increase the amount of hand straightening. 

Checking and hand straightening of parts is 
required to some extent, but is not a problem 
except with parts having large surfaces and thin 
section. These troubles are being attacked by 
stretch-forming techniques while the flat material 
is in the SW condition immediately following a 
quench. These techniques are being applied to 
a greater and greater extent. 


Cost Items 

From the standpoint of operating efficiency, 
the furnaces, as now operating, are extremely 
satisfactory. The load possible per kw-hr. of 
current input varies from 2.46 Ib. per kw-hr. to 
1.6 lb. This variation is primarily due to the 
thickness of material and spacing of parts pos- 
sible in the loads. A recent 72-hr. check on the 
lb. per kw-hr. when heat treating 0.032-in. sheet 
material averaged 3.36 Ib. per kw-hr. input. 

There is also a wide variation in man-hours 
per pound of material heat treated. On the 
new furnace procured in the spring of 1943, we 
have consistently heat treated 90 Ib. of airplane 
sheet parts per man-hour. This is somewhat 
more than the first two furnaces due to the higher 
wattage available for heating-up periods. On this 
furnace, the recovery time averages from 14 to 
17 min.; on the original two, it averages from 18 
to 25 min. 

The time from the moment of withdrawal of 
load to reloading is not included in the above 
figures and averages 2 min. per load. The incom- 
ing load must, of course, have been previously 
prepared and in position to load. Racks are 
loaded on the shop floor at one end of the fur- 
naces and unloaded at the other. Incoming parts 
are stored at the loading end, and every effort is 
made to keep abreast of production to prevent 
congestion at this point. Heat treated parts are 
kept at the unloading end and passed on to the 
inspection department as rapidly as orders can 
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be assembled. The production control dep, 
ment maintains close control at this point , 
there is seldom more than a 4 to 6-hr. ban 
parts in the department. 

In the line of future devclopment, it is ¢ 
sidered that several problems are of importan 
The one of first thought is always that of rae 
on which the parts are loaded. The ere 
strength of mild steel, with which we now « 
struct our racks, is very low at 920° F,, 4 
operating temperature. The racks sag sligh| 
with each trip into the furnace and the sag 
subsequently quenched into them. This forms 
continuously accelerating cycle of distortion th; 
is a constant source of trouble. It would be 
greatest value if an alloy material could be ma 
available for this purpose. The present \ 
restriction on the use of any of the heat resist 
alloys for high creep resistance in this tem). 
ture range is a very serious handicap, which ha 


resulted in a marked decrease in furnace ef- 


ciency. Another thought is that a rack of welde 
steel tubing of something similar in properti« 
to S.A.E, X-4130, aluminum-coated by the met 
spray method, would be satisfactory. The weight 
per rack could be cut from the present 70 | 
to not over 400. 

Another matter which is of prime importa: 
is the heat treating of sheet stock and its su 
sequent forming while in the SW or fres! 
quenched condition. Ample low temperalu 
refrigeration must be made available for such 
scheme, in order to prevent age hardening wh 
the sheets are awaiting their turn in the pres 
shop. Forming also would be done largely | 
stretch-forming techniques. 

In furnace design itself, the problem seet 
to center largely around the need for a grea 
interior height. End-quenching is a very neces 
sary feature of the still water quench. Par 
grow in length appreciably, by stretching und 
their own weight at heat treatment temperature 
Our new furnace will permit the end-quenchi% 
of a part 78 in. long. The furnace is 16 ft. lon 
inside and &6 in. from track to roof duct. A! 
nace with an inside working height of 10 " 
which would take parts 9 ft. long, will soon > 
prime necessity. 

Door construction and seals are a matter! 
will still bear investigation. The water car 
into the furnaces on each insertion of the ™ 
warps the tops of the doors, which require ' 
tinual maintenance and some furnace shul-dov™ 
for major repairs. 

However, we are well satisfied with the p"" 
ciple of operation used and are looking 'er’” 
to its use in the heat treatment of steel pars 8 
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Cartridge Brass 


Special Properties and Physical Testing 


By L. E. Gibbs 
Technical Advisor 

Revere Copper & Brass, Inc 
Rome (N.Y.) Division 


values determined from them, 
: such as tensile, hardness, metal- 
Some notes and precautions are given on the test- lographic and special. 

In testing for tensile strength, 
the most convenient specimen for 
three current methods of determining “yield point”. rod forms seems to be one with a 
reduced center section and non- 
threaded ends. The reduced section 


ing of cartridge brass, discussing particularly the 


lt is emphasized that none of the common laboratory 


tests have any ready interpretation or close correlation is commonly 0.505 in. diameter 
. with a taper of 0.002 in. approxi- 
with the performance of a cartridge in service, and ah a taper o — 
mately to the center. Most spec- 
therefore are most useful in verifying the uniformity ifications recognize that rods over 
. . . ; » in. in diameter are cold 
of production in the brass mill, hour to hour. Under I” 1 ; 
worked but little at the center 
these circumstances the simplest test is preferred, and and an axial specimen would not 


represent the approximate average 
of the entire bar, so the specimen 
author states that creep strength is probably the best axis on large rounds is at 4 the 
diameter of the original sample. 

For plate or strip specimens 


this is the hardness test. As a side remark the 


if not the only logical criterion for design of those 


copper-base alloys that have to carry steady loads; a reduced section is characteristic 
(except strip less than 1 in. wide 

unfortunately very little testing of this sort has yet I I < 
. and light gage, say 0.010 to 0.015 

been done. in. and under, which may be 
pulled full size). An important 


\ THE PREVIOUS ARTICLES in this series on for ammunition components as well as for cable 


tonnage of strip and plate is made 


cartridge brass the various terms for physical wrapping, shim stock, radiator metal, dia- 
properties have been used without precise defini- phragms, flexible hose and the like, so it may be 
‘on of their meaning, or of the methods for well to mention several points in the technique 
‘btaining the numerical values. It is well, now, of “pulling” such specimens. The thinner the 
Spend some time on this, for in discussing the gage, the more difficult it is to hold the sample 
seneral subject in day-to-day work with users of in the grips without inducing failure at the grips, 
Copper alloys there have been a number of ques- and to localize the “break” in the center some- 
‘ons arising concerning test methods. Some of where between gage points. Commercial types 
‘hese will be discussed in the following. It of grips used for textile or similar testing, 
‘Pears convenient to subdivide this article wherein the material is wrapped around a block 


sorcing to the form of specimen used and the before gripping, will be of great aid. Other types 
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‘an be used but require very fine serrations on 
the jaw face, must be kept spotlessly clean and 
the sample lined up perfectly to prevent stress 
concentrations and breakage at the wrong point. 

If a large number of samples of similar size 
and gage are to be tested, it will pay the labora- 
tory to prepare a die to blank a reduced section. 
The die should be made with close enough clear- 
ance so the edges will not tear, else fractures at 
the tears will likely occur. Another method, also 
applicable to heavier specimens, is to use a con- 
tour milling cutter; the best type mills both the 
ends and the reduced section, and the cutter is 
run across a number of specimens clamped 
together to produce the profile. In either method 


Tension Test on Strip, Being Made in Small 
Amsler Machine (Bell Telephone Laboratories) 
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it is preferred practice to stone the edges of th 
reduced section for a smooth surface. 

Interpretation of results of tensile tests js 
straightforward job in most cases. Howey» 
numerical values for heavy sections will be low 
than for light sections (in cold worked mater 
particularly) because, as mentioned before, ( 
effect of cold working will not penetrate 
formly through the entire cross section, bein 
most marked at the surface. 

All in all, the tensile strength is probably th 
most reliable value for specification use or | 
determining the physical condition of cold work 
materials of all copper-zine alloys. This does » 
mean it should be required for all acceptan 
work, since other values may serve equally y 
or better, and be less of a burden in the testi 
laboratories of both consumer and suppli 
Examples are Rockwell hardness for tubing 
commercial tempers of strip, and grain size | 
annealed tempers of tubing and strip to be us 
for subsequent cold forming. 

In connection with specifications, it mig 
be mentioned here that it is impractical in ‘! 
brass industry to record properties by heat nu 
bers. The simple truth is that castings may 
as light as 200 Ib. or as heavy as 3000. ‘7 
2000 and 3000-Ilb. cakes for cartridge brass » 
typical of wartime plants, and not of peacetim 
To keep track of each casting during subseque: 
processing not only would be a tremendo 
burden, but is also considered quite unnecessi 
since it serves no useful purpose. A _ previ 
article has mentioned the systems enforced 
keep alloys segregated by composition and | 
insure material up to standard. 


Elastic Properties 


Routine checking of the 0.5°% yield streng!! 
most commonly called for, is done during 
tensile test, either with autographic, optical 
mechanical strain gages of various types. A 
cussion of them or their merits does not below 
here, but the instrument manufacturers «an he! 
a great deal in defining their capabilities “ 
field of use. 

The various methods and numerical val 
used to describe the “elastic properties” can pf 
vide subject matter for a very considerable tom 
for which we have no space. However, a Dr’ 
description of these methods and some of the 
advantages and disadvantages seems { 
pertinent: 

Yield Strength is defined by Americ: Sociel 
for Testing Materials in Specification E6-°° ® 
“the stress at which a material exhibi's 
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inch of original cross- 
sectional area which, 
when removed, has not 
caused a permanent elon- 


gation exceeding 0.00003 


| 
1~ 010% Yield Strength (Offset) — = in. per in. of gage length”. 
“Johnson's elastic limit” 
= limit” mentioned in pre- 
id |__| Lo finish vious articles, attem to 
rain Size 0015 Mm. — Grain Size Mm. — 
| | determine the value 
0 2 4 6 8 70 2 4 6 B 7 «through an approxima- 
Bas Numbers Herd tion which is good enough 
Fig. 25 and 26 Yield Strength of 70-30 Cartridge Brass Strip for general use. 
as it Varies With Method of Determination, Temper (Cold Work) Proportional Limit, 
and Ready to Finish Grain Size (Fine at Left, Coarse at Right) according to paragraph 
Numbers are consecutive, from former articles in the series. 37b of Federal specifica- 
tion QQ-M-15la, is “the 
lied, limiting, permanent set”. The Federal Speci- greatest load ..... for which the elongation is 


fications Board is of the same mind but uses 
Jifferent language in Specification QQ-M-1l5la: 
“The load per square inch of original cross sec- 
tional area which causes a specified set, as meas- 
ured by the offset method or a specified extension 
under load” (paragraph 37d). It also mentions 
two methods used to determine the value for 
yield strength. The “offset” method shown in 
Fig. 28, page 702, requires a stress-strain curve 


fond the numerical value represents the inter- 


section of a line which is parallel to the curve’s 
tangent at a distance of 0.1% (or 0.2%) of the 
original gage length. It is assumed that such a 
value represents the approximate permanent set 
10.1% (or 0.2%); the reader should refer to 
the two specifications for detailed descriptions. 


pihe second, or “extension under load” method 
slescribed in the Federal specification, is merely 


Bunder a given load, most 


+} 


he stress required to 


produce 0.5% extension 


Fig. 27 


commonly the 0.5% yield 


Annealing, 
peratures, Erases Most of the Difference 
Between the Various “Yield Strengths” 


proportional to the load” 

While the definitions are simple enough, the 
meanings or utility of the various values obtained 
are not readily apparent, nor are there any simple 
methods for determining these values when 
utmost accuracy is required. For specification 
work and the acceptance of material, the 0.5% 
yield strength is widely used. It is easy to deter- 
mine. It is, therefore, an eminently practical test 
from the brass mill’s standpoint, especially if a 
tremendous number of tests are required, as is 
true in wartime. On the other hand it has its 
limitations and is of very doubtful value in show- 
ing a designer the useful elastic properties of 
cartridge brass, copper or many another of the 
extremely ductile copper base alloys. It does not 
retain a constant relationship to the tensile 
strength as the temper varies. Neither does it 
necessarily show a fixed 
relationship to tensile 
strength as the alloy 
As examples, in 


Even at Low Tem- 


varies. 


psirength. - hard drawn copper the 
Elastic Limit is “the | yield strength is 
éreatest stress which a 1~Q10% Yield Strength (Of set nearly the same figure as 
laterial is capable of 8 “a 2-Q20% ~+ - - tensile strength, but in an 
eveloping without a per- 60 5~ 050% (Extension) aluminum -silicon-bronze 
lanent deformation E \ | | | } | the value is considerably 
maining upon complete \ | Drews Condition Of Stock. lower in proportion (see 
‘lease of the stress”, Cold Rolled to Table VI). For compari- 
‘cording to AS.T.M. 4 _| 6BasS Numbers Hard sons in cartridge brass 
“0-36. The Federal spec- & | | | | see Fig. 6 and 7 in the 
ication is more specific, $20 oe | August 1943 article and 


‘ating in paragraph 37a 
lal elastic limit is “the 


Fig. 25, 26 and 27 here- 
with. 


sreatest load per square 


0400 600 800 000 200 00 
Annealing Temperature, F Hour) 


The “offset” yield 
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Stress, 1000 Psi 


Fig. 28 


- Typical Stress-Strain Curves for Annealed Cartridge Brass 


(at Left) and for Material Cold Rolled 8 B. & S. Numbers Hard. 
Yield strengths by offset and extension are about the same for 


annealed brass. 


For hard drawn material 0.5% extension may 


occur at a lower stress than the 0.1% yield determined by offset 


Tangent line» 05% Yield Strength Tangent L 100 
22.700 Psi 48% in 2 In 
| Psi | at 54,800 Psu 
; . 
20 % Offset - 
Annealed at 25% QI% ~- 
| || 900% fariHr "elo 
(Read toleft) Psi 60 
l2500 Psi / 
| Gold! 8B 1 8 
| if Reatly-lo Anish Grain 
— — Size) 8 
/| (Bead to Bight) 
32.000 + Psi. 
5 — + 20 limit” 
| psi. 
4 


strengths are somewhat more consistent in their 
relationships to the tensile strength, as Fig. 25 
and 26 show (and sometimes are more conserva- 
tive, as they are for copper). However, the offset 
method has at least one objection and that is that 
it depends upon a tangent being drawn, and it is 
not always an easy thing to draw it accurately. 
(While speaking of tangents, the “proportional 
limit” suffers the same handicap and furthermore 
seems to show lower values, generally, as the 
sensitivity of the extensometer increases.) 

The troubles of determining elastic proper- 
lies stem from the smooth 
stress-strain curves typical 


There exists a 


defined 


The curves in Fig. 28 shoy 
the actual stress-strain curves 
for soft and hard cartridy 
brass strip; the strain inere. 
ments are the same, but th: 
stress values are not, whict 
provides a longer curve fo 
the annealed material. Th 
various points under discus. 
sion are illustrated. It is 
apparent in the hard samp} 
at the right that a questic 
of judgment exists as to th 
exact tangent position, bu! 
since our experience inédi- 
cates the curve should hay 
been straight at the lowes! 
portion, rather than curving 
to the right as shown, th 
tangent was so drawn and 
the strain values measured 
from it. The “proportiona 
(12,500 + and 32,000 

for the annealed and hard 


samples respectively) is obvi- 
ously much lower than any 
the other tensile properties 


in the usual specifica 


tions. 


well-founded belief that 


stress required lo produce a very small but del 
nite permanent set is probably a good representa 
tion of the stress the material can be designed 
for, such as the “elastic limit” of the Federal 


specification. 


However, the basic fact seems ! 


remain that the creep strength is the ultimate in 
the determination of load carrying ability. It's 
to be hoped that some day the necessary consid 
erable time and skill will be spent on correlating 
the relationship between the elastic limit am 


creep strength so that the 


design figures 


known, and to find a relatively quick test | 
reveal the true elastic properties. 


Table VI — Variability of “Yield Strengths” With Temper and Allo) 


of many non-ferrous alloys, 
including those of copper 
as well as of aluminum and 
magnesium. (In copper 
alloys there has not, until 
relatively recent years, been 
a demand for 
stress values because of 
the large tonnage in non- 


Tensile strength 
Elongation in 2 in. 
accurate 


PROPERTY 


vield strength (extension) 
vield strength (offset) 
0.1 yield strength (offset) 


ELECTROLYTIC CopPER 7% AL, 2% SI 


ANNEALED 


33,500 psi. 
55% 
9,600 psi. 
8,600 psi. 
7,700 psi. 


Bronze, COLD 


8B. & S. 


NuMBERS Harp 


56,900 psi. 95,000 psi 
4% 20 
54,000 psi. 54,000 pst 
53,000 psi. 63,000 pst. 
48,000 psi. 50.000 psi. 


stressed parts. In strong 
aluminum alloys the condi- 
tion is just the reverse.) 


(a) The anomaly that 0.5% 
explained by a more inclined slope of the early tangent port! 
stress-strain curve for this cold worked material. 
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value is less than the 


0.2% value 
the 


See Fig. 24. 
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More in the way of commentary are the 
sures in Table VII, which include creep rates at 
oo F.. but sinee no softening took place after 
040 hr. they are judged to be comparable with 
om temperature values. 


Elongation and Reduction of Area 


The commonest gage length is 2 in., but 8 
nd 10 in. are also used for small rods and light 
ietals respectively. In this connection, many 
the Government specifications, for rods par- 
cularly, call for elongation “in 2 in. or four 
mes the diameter”. This becomes important 
n small sizes of very hard drawn rods. Numeri- 
(| values in the order of 10% elongation for 
»-in. rod may not be reached on 44-in. rod of 
milar tensile strength. The effect of specimen 
ze on elongation is well established by metal- 
rgical work, and this accounts for the condition, 
it some specifications still do not recognize it 


‘completely as they should. 

Ii will be found that some copper alloys 
veck down” much more than others, which not 
ily affects the reduction of area (the more 
mtraction the higher the numerical value), but 
Much of the stretch in cop- 


so the elongation. 


Table VIL — Creep Strength at 300° F. Versus Yield Strengths of 
Cartridge Brass Rod Cold Drawn 37% From Fine Grained Material 


so is reduction of area, and (b) the reduction of 
area decreases at a rate with cold work. 
Other alloys such as Grade B silicon bronzes and 
70-30 cupro-nickel show similar effects — that is, 
reduction of area of $5 to 90% as annealed, with 
high elongation, and even less decrease in reduc- 
tion of area by cold work than is observed in 
These alloys are superb for use 


slow 


cartridge brass. 
in cold heading operations 


Hardness 


Brass mills have settled upon the Rockwell 
hardness test as standard for the majority of 
their products and have any number of good 
reasons for it. The test methods are well 
described, as well as the limitations on the vari- 
ous seales of hardness. We do not like to use 
the F seale above F-0 hard, preferring the B 
scale, feel that above B-95 we 
obtaining true readings. On the soft side F-20 
to F-25 is representative of dead soft copper and 
we rarely go lower. Neither do we under 
B-20. For light metals the superficial scale is 
popular and, while it may not show absolute 
hardness on copper 0.005 in. thick, when used 
with diamond anvils it is suecessful in controll- 
ing the temper of production 
lots so that subsequent fabri- 
without 


nor do we ure 


use 


cating can be done 


PROPERTY A SINGLE TEST (a) 


Tensile strength 86,000 psi. 


© yield strength (extension) 62,000 
2 yield strength (offset) 
yield strength (offset) 
eep strength (b) 24,000 


EXPECTED RANGE 


85,000 to 90,000 psi. 
60,000 to 65,000 
65,000 to 70,000 
58,000 to 65,000 


failures. 

It should be mentioned 
that tubes should be cut open 
and the test made on the inside 
for consistent results except 
on small bores when the pene- 


trator will not fit, when a close 


peratures” 
edings A.S.T.M., 1942, Vol. 42. 
(b) 0.01 per 1000 hr. at 300° F, 


and copper-zine alloys (also silicon bronze 
cupro-nickel) takes place in the necked 
wn area. Consequently, the testing engineer 
uld observe the rule which allows a retest 
ten the break is outside of the middle third of 


gage length, else elongation values are apt to 
low. The beta-containing materials, such as 
wee cutting brass rod and Muntz metal, do not 

'w this to such a degree as the alpha alloys 
‘ich are our principal concern. 

Very probably the values for elongation and 
luction of area will together provide a good 
le to the ductility of copper base alloys. For 
‘mple, Fig. 8 and 9 in the August 1943 issue, 
ustrate two pertinent points: (a) Elongation 
ugh in the annealed condition, about 75%, and 


(a) From “Creep Characteristics of Some Copper Alloys at Elevated 
by H. L. Burghoff, A. I. Blank and S. E. Maddigan, Pro- 
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fitting steel plug is frequently 
used to support against col- 
lapse when tests are made on 
the outer Further- 
more, the penetrator will bulge rounds of small 
sizes, if F or B scales are insisted upon, which 
means the surface should be filed fat for accurate 
testing. Another special condition is a wedge 
shape or angle bar which must be fitted to a 
supporting block which corrects the surface so 
that it is absolutely normal to the penetrator: 
very serious errors can result from testing angle 


surface. 


sections without correction, 

Of the various other methods, the 
machine is expensive but it has the advantage of 
a constant scale which is directly comparable for 
hard and soft ranges. Brinell hardness is used 
for heavy plates, say above ', in. thick, or for 
large sections where adequate support can be 
had around the ball penetrator and its accuracy 


Vickers 


OW 
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is unquestioned. For sections which are so light 
that anvil marks are noticeable or for others not 
large enough in area for ball support, we feel the 
Brinell method is unreliable. Specifications not 
recognizing these limitations are believed to be 
inadequately drawn up, because large amounts 
of material are made which do not fall within 
the scope of the test. 

A hardness conversion chart relating the 
various Rockwell scales, the Vickers diamond 
pyramid, and the Brinell 


Skill plays a great part in the preparation 
metallographic samples. Standard etchin, 
reagents are well covered in @ Metals Handboo! 
page 1471 of the 1939 edition. 

Standard grain sizes have been referred to 
the article in this series appearing in the Jyy 
1943 issue of Metal Progress, and are as shown 
the A.S.T.M. Specification E2-39T (reproduc 
in Metal Progress Data Sheet No. 56 also 
page 990 of this issue). 


— 


10-mm. ball is given in | 
Metal Progress Data Sheet 60+ - 
No. 62 Tensile Strength | Miscellaneous Phys. 
! 
| | 


Metallography 


On pages 704-A and 
B are shown in color 
various structures of 


Ler In 
S 


Special Properties 


ical Constants are show 
in Table VIII at the bot 
tom of the column at lef! 

Impact strength is 
high for cartridge brass 
at room temperatures 


S 
% ~ Elongation, in 2 laches 


common copper mate- & and, in common will 
rials, including cartridge S30 aie 60 other copper base alloys 
brass; these give a good & the values do not decreas 
comparison of the con- with decreasing tempe! 
stituents. The beta brass Sx ] 4o 6 ture. Charpy tests 

in Muntz metal types S rs § annealed material 

should not appear in car- & about 85 to 89 ft-lb. fron 
tridge brass, as is obvious Elongation 20 room temperature 

from the constitutional | —112° F.,* whereas 
diagram. The specimen = values are about 66 to 
of oxidized copper is very Oo Oo & ft-lb. from room temp 
rich in oxides, being Oo 400 800 1200_ 1600 ature to —292° F. (tens 
made specially to show Temperaturé, F strength varying simul! 
the typical color and Fig. 29 —- Short Time Tensile Properties of neously from 951,000 

structure in an exagger- Cartridge Brass, Previously Cold Drawn 73,000 psi.).7 Tt appears 
ated way. Obviously 20%, From Room Temperature to 1600° F. therefore, that as th 


oxide should not be found 
in cartridge brass, even though it will appear in 
small amounts in tough pitch electrolytic copper 
and in the other commercial coppers which have 
not been completely deoxidized —- where it is not 
regarded as a detriment. 


Table VIII — Miscellaneous Data on 
Cartridge Brass 
Melting point 1750° F. or 955° C. 
Coefficient of expansion — 
per °C. from 25° to 300° C. 0.0000199 
per °F. from 77° to 572° F. 0.0000111 
Electrical conductivity 27% of International 
annealed copper standard 
Thermal conductivity per sq.ft. per ft. 


per hr., per °F. .... 70 Btu. 
Density (lb. per cu.in.) .. 0.308 
Modulus of elasticity, Approx. 15,000,000 psi. 
Endurance limit — soft 17,000 psi. 
Rod, cold drawn 50% 22,000 psi. 
Strip, 4 B. & S. numbers hard 19,000 psi. 
Strip, 8 B. & S. numbers hard 22,000 psi. 


Metal Progress; Page 704 


temperature decreases 
tensile strength increases, but impact properties 
do not suffer appreciably at sub-zero temperature 
High temperature strength is poor for 
tridge brass since the general rule is that a tim 
and temperature which causes recrystallizall 
will also reduce the creep strength to so low 
figure as to be of little use, practically speakins 
Working stresses for this class of alloy are * 
up in the A.S.M.E. Unfired Pressure Vessel © 
Table U-3, and limit temperatures to 500° F. 
allowable stress decreasing as temperatures 
from 150 to 500° F. The short-time phys 
properties at various temperatures are show" 
Fig. 29. 
*“Effect of Low Temperatures on Metals * 
Alloys” by H. W. Russell, Joint A.S.T.M. and AS. 


18 


Symposium on Effect of Temperature on the Pr? 
ties of Metals, 1931, page 486. 
+“Some Properties of Copper at L« 4 , 
r.M., 


tures” by C. S. Smith, Proceedings A-- 
vol. 39, p. 642. 
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. Kodachromes of Copper Alloys 


Research and Development Laboratory, Revere ( opper and Brass Incorporated 


Photography by R. D. Destrrro 
Samples prepared by W. Jenks 
All magnified 75 diameters 


Fig. 30 
Cartridge Brass, Etched With 
NH OH ~ H,O,. Typical Annealed 
Structure; Twinning Apparent 


Fig. 31 
Vuntz Metal, Etched With Ferric 
Chloride, Which Darkens Beta Phase 
But Does Not Attack Alpha Phase 


Fig. 32 
Muntz Metal. Same Sample as 
Above, Etched With NH .OH HO 
lo Show Beta Phase Lemon Yellow 
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Kodachromes of Copper Alloys 
Research and Development Laboratory, Revere Copper and Brass Incorporated 
Photography by R. D. Desrrro 
Samples prepared by W. Jenks 
All magnified 75 diameters 
Fig. 33 
Dezincification. A Typical Red Copper 
Plug Re-Deposited in the Corrosion Pit in 
the Yellow Brass. (Etched Microsection 
By J 
Asst 
Fig. 34 
Unetched Sample of Copper, Designedly ? 
Made With Very Large Amount of Oxide. 
Dendritic Structure Is Typical, as Well as 
the “Finger Print” Appearance of the Eutectic 
(Copper and Copper Oxide) in the Background | 
Fig. 35 NT 
Oxygen Free, High Conductivity Copper, 41" Nev 
Exposure to High Temperature. Ver! La liscus 
Grain Size. Micro Slightly Undere xp treatn 
Stain] 
to be 
onfin 
Steels. 
rarely 
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The Selection of Steels 


Rolled or Drawn Condition 


Used in the 


Part 1— Plates 


By John H. Frye, Col. 
Acct. Chief, Research and Materials Division 
Research and Development Service 

tice of Chief of Ordnance 

Washington, D.C. 


applications where alloy steels are 
quenched and drawn at the mill, and 
machined or fabricated into parts; 


This is a part of a lecture, one of an educational likewise there are alloy steels, gen- 
dl : | he N York; erally plates, which are normalized at 
course presented last winter by the iNew Jor the mill to meet specified minimum 


physical properties upon which no 
further treatment is performed, Then 
viewpoint of the Ordnance Dept., U. S. Army. there are the few isolated conditions 
which justify the use of an untreated 

ions. In it he outlines the factors that underline Under existing conditions as te 


Chapter. It is not to be regarded as the official 


but as representing Col. Frye’s personal opin- 


delivery it is necessary for the pur- 
chaser to allow more or less latitude 
duty, emphasizing that it also requires the cooper- in grades, sizes and shapes of steel. 
Availability of the adequate material 
is often the predominant factor, and 
and purchasing agent. Applying these principles in such cases, it is especially impor- 
tant that the metallurgist exercise 
judgment. There is the temptation 
most attention to the possibilities of low alloy, to respond to pressure from the sales 


the intelligent selection of any steel for a given 


ation of designer, production man, metallurgist, 


to the selection of steel plate, the author pays 


manager or superintendent and 
authorize the use of an inadequate 
material so that delivery schedules 
can be met. There is also the tempta- 
us tion to be hidebound and insist willy- 
N THIS SERIES of lectures organized by the nilly upon the original material specified. Either 
New York Chapter, @, I have been asked to course would better be replaced by common sense. 


high tensile steels. 


liscuss the selection of steels upon which no heat This reminds me of a story told by Kar! 
‘reatments are applied after receipt from the mill. Compton, the physicist. His sister living in India 

tainless steels, which fall into this category, are = was having a simple electrical installation done 


to be described by another lecturer, so we will by a native electrician. He troubled her so much 
onfine ourselves largely to the plain carbon for detailed instructions that at last she said 
Steels, almost eliminating alloy steels, since only irritably, “You know what I want; just use your 
‘arely should the latter be used unless sub- common sense and do it.” The electrician, 
‘quently heat treated. (Of course, there are salaaming politely, replied, “Madam, common 
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sense is a rare gift of God. I have only a tech- 
nical education.” 

Common sense is truly a gift of God, but if 
common sense alone could have made the instal- 
lation it is unlikely that the electrician would 
have been called. A hundred years ago common 
sense told people that Fulton couldn’t drive a 
boat without sails. It clearly “proved” that blow- 
ing cold air on molten iron would chill it, so that 
Mrs. Kelly had a brain specialist examine William 
when he first made steel in a converter. Common 
sense may play tricks, but when combined with 
sound technical knowledge and tempered with 
ingenuity, it is the backbone of American indus- 
try. Let us not persecute “common sense” by 
burdening it with preconceived notions, convic- 
tions or prejudices. 

It has been said that wars bring out the 
worst in men, and the best in scientific develop- 
ment. Certainly the science and techniques of 
metallurgy have advanced tremendously during 
the past four years. Perhaps the greatest advance 
of all, in the way of engineering, has been the 
close and harmonious cooperation of designers, 
plant engineers, metallurgists and procurement 
personnel. This coordination is the result of 
necessity, but it is hoped that the habit will be 
strong enough to endure after the peace. It is 
predicted that intercompany engineering coordi- 
nation must become an everyday fact for success- 
ful competition. The field of engineering has 
become too broad and too complicated for restric- 
tive practices. 

By the same token, I believe that common 
sense, even combined with metallurgy, is not 
sufficient for the proper selection of steels for 
given parts. It requires the close and harmonious 
cooperation of designers, plant production engi- 
neers, metallurgists, and procurement personnel. 
Each of these is a specialist in his own field. 
Seldom do they feel conversant with the other 
fellow’s problems; seldom do they wish to appear 
ignorant of them. Yet combine their talents 
before work begins on the drafting board and 
the result will be better engineering, lower costs, 
fewer service failures, and a degree of efficiency 
heretofore unattained. 

In the selection of steel for a specific applica- 
tion it is necessary to consider three factors — 
(a) service functions and stresses, (b) method 
of fabricating, and (c) the finished shape and 
dimensions. The grade or commodity selected 
must be congruent with all three. The starting 
point, then, is to consider individually the proper- 
ties or characteristics which will be required of 
the steel, usually in some combination, for a 
given application. The commonly required prop- 
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erties are strength, ductility, toughness, graiy peat 
size, wear resistance, corrosion resistance, relj- reng 
ability, and workability. Each of these will now pplic 
be considered briefly and in general terms. ania 
onsile 

Strength olish 

IS a 

(a) Tensile Strength and Yield Strength 
Many engineering formulae use tensile strength Bate 
in determining design factors. That was entirely Bp 
satisfactory in years past, since steels of those Bho en, 
days had a fairly uniform ratio of yield to tensile TI 
This is no longer true. Many newer compositions mos 
have a much higher yield as compared to the BRprize, 
tensile strength. With the emphasis now o r part 
mobility and reduced weight, engineers and BR» de. 
designers are tending toward the use of yield BBcteac 
strength in engineering calculations. El 
(b) Shear Strength. This may be figured Bop 

as approximately 50% of the tensile, or 60% of Bhansh 
the yield strength in tension. In view of the wchin 
increased ratio of yield to tensile in modern rticu 


steels, the latter is preferred. 

(c) Bending. Strength has nothing to & 
with bending, although bending has a great dea 
to do with strength. By that it is meant tha! 
bending stresses are frequently combined with 
other stresses and considerably decrease tensile, 
torsion and fatigue limits. Increased cross 
sectional area of the part, better supports, or less 
span between bearings are the only cure for 
unwanted deformation from bending. 

(d) Torsion (encountered usually in the 
transfer of energy, delivery of power, or to pro- 
vide for resistance to rotational stresses). Resist- 
ance to torsion is essentially one of section 
modulus. For shafting purposes lighter weight 
may be obtained by using tubing as the shaft 
A tube shaft can be stronger than a solid bar, bul 
if shock loads are involved a tube shaft will frac 
ture while a solid bar will be satisfactory. How 
ever, should failure occur from pure torsion the 
answer lies in increased diameter, whether tube 
or bar. For steels, the yield strength in torsion is 
directly proportional to the yield in tension. 

(e) Impact. The merit of impact testing is 
still a controversial subject. Perhaps the method 
of testing is not indicative, but certainly impat 
is the cause for a large percentage of failures 
Combined with a notch effect the results # 
decisive. For severe impact applications the 
parts should be heat treated. In every instance 
be sure there are generous fillets at sectio 
changes, a smooth surface finish, and freedom 
from tool marks. * 

(f) Fatigue. Fatigue or endurance limit 
may be defined as the load carrying ability 


= 
“ 
és 
Mes 
= 
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° 
f 

whe Fa 


peated applications of the load, whereas tensile ularities which serve as stress raisers, are respon- 
- Birength is the load carrying ability for a single sible for a large share of fatigue failures. Seldom 
‘ BBpplication. In the ordinary steels, not heat are such failures the result of inclusions or other 
eated, there is a close relationship between defects of the steel. J. O. Almen of General 
nsile strength and the endurance of a smoothly Motors Research Laboratories is responsible for 
olished test bar. When subject to a notch effect the estimate that “fully 90% of all fatigue fail- 
is advisable to limit the carbon content in the ures occurring in service or during laboratory and 
. Bteel to 0.40% max., since the lower carbons have road tests are traceable to design and production 
) Breater ability to cold work, which increases the — defects and only the remaining 10% are primarily 
’ Mrength at the notch, and materially increases the responsibility of the metallurgist as defects 
¢ Be endurance limit. in material, material specification or heat treat- 
The strength of the outside fibers of the bar ment.” You will note that Mr. Almen exonerates 
‘ # most important. As an example, if the decar- the metallurgist only in so far as material and 
¢ Burized surface is allowed to remain on the bar heat treatment are concerned. The metallurgist 


r part, the endurance limit is effectively that of — is not relieved of the responsibility of forcing 
e decarburized material, or about 30,000 psi., through design or fabricating changes that will 


| Bstead of the endurance of the underlying steel. eliminate failures; he cannot wash his hands of 

Elements of design, such as sharp corners, the affair, because he is the one who knows the 

sufficient radius of fillets if any, sloppy work- causes and effects of stress raisers; his is the 
anship in finishing such as a roughened responsibility in the end. 

| chine finish and deep tool marks, V-threads In regard to finishes and their effect on 

rticularly when torn or rough, and other irreg- fatigue strength — it has been determined that 


A Plate Mill That Really Rolls Them Big 
Photo by Rittase at Lukens Steel Co., Coatesville, Pa. 


fatigue failures result only from tension stresses, 
never from compression stresses. This is an 
important fact. Also, remember that most 
machining and grinding, particularly in the rough 
finishes, leave tension stresses in the outer fibers. 

(Perhaps too much space has now been given 
to this topic, since the grade of steel selected has 
less to do with fatigue failures than have the 
mechanics of fabricating and the design. How- 
ever, the trend toward increased operating speeds 
and lighter weight equipment has materially 
increased the percentage of failures through 
fatigue, and engineers of every category must 
now become cognizant of its causes and cures.) 


my opinion, the cold bend test is the most feasipy 
method of determining ductility, as a property 
use to the designer and fabricator. 
Another major consideration of steel] selp 
tion is toughness. This is an arbitrary term an 
is usually settled by an arbitrary test. Proper) 
defined, toughness is the energy required to cayy 
rupture. In most instances the elongation ay 
reduction of area obtained from the tensile tey 
are improperly used as the measuring stick fy 
toughness, whereas impact tests are the bey 
laboratory test method for determining toug)- 
ness. As a matter of fact it seems that simple 
practical tests on completed parts may prov 


155-Mm. Gun of 1918 Design, With Riveted Carriage, Attached 
to 1941 Prime Mover; As Good a Gun as There Was, in its Day 


(g) Creep. Slow deformation under con- 
tinuous loading, or creep, is normally of concern 
in applications involving temperatures in excess 
of 600° F. Some creep or relaxation occurs in 
bolts tightened under high pressures, and par- 
ticularly when subjected to intermittent loading. 


Ductility, Toughness and Brittleness 


Ductility is difficult to define since it has so 
many meanings. Sheet steel must be “ductile” 
enough to draw to the proper size and shape. 
Billets must have sufficient “hot ductility” to be 
forged. Wire must be ductile in order to be 
drawn through dies. Steels must be “ductile” 
rather than “brittle” for service applications. A 
common means of estimating ductility is by not- 
ing the elongation and reduction of area obtained 
by tensile tests. In many applications these 
values are of little importance. A correction for 
the misuse and looseness of this term lies in 
practical tests for the particular application. In 
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even more indicative for any specific applicati' 

Brittleness is the opposite of toughness. ! 
you can measure the one, you have measured th 
other. Both are a matter of degree. Designers 
fabricators, and heat treaters must be fully awa" 
of the importance of generous fillets, poor sur! 
finish and similar notch effects. Otherwise 4 
perfectly sound and satisfactory material m4 
fail through apparent “brittleness”. 

Grain Size-— The grain size, as rol'ed, 8° 
importance to machinability, cold upsetting, ™ 
other methods of cold forming. The auste®! 
grain size is important in heat treatment *™ 
when parts are fabricated by welding, bra" 
forging, and similar methods involving temp 
tures above the critical. 


Wear and Corrosion Resistance 


. . . yn 
Wear resistance is primarily a ‘unct! 
eas ~arhides in 4 
composition and structure. Free ¢: bides 9° 
matrix of pearlite provide the maxim:™ 
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Sibi roperties in untreated steels. For the average Educate your sources as to the fabricating and 
ty vear conditions involved in the use of parts made service requirements of the material. Let them 

rom untreated steels, cold drawn medium carbon serve as a partner to this extent. Remember, an 
ele Me eels are normally sufficient. Within the same established and reliable source of supply is of 


in™,.sic grade of steel, except when in the spheroid- more value to the consumer than is the cus- 
ery ed annealed condition, hardness values are an tomer’s business to the source. 

iu dication of wear resistance. When comparing Workability. Under this heading are classi- 
inMifferent grades, remember that hardness is not fied forming methods such as welding, forging, 
letecessarily a straight line function of wear machining, bending, and many other types of 
[or esistance. fabricating. Steel must have adequate physical 
best Essentially every problem in corrosion is a properties, but of equal importance in competi- 
Us@jistinct and separate problem in itself. For tive manufacturing is the ability to fabricate at 
OpeHevere corrosive conditions, a stainless steel or minimum cost. This factor in steel selection 
'’Hustless iron should be used. There are inter- deserves considerable emphasis. 


Modern 155-Mm. Gun (M-1), a Bigger and Better Gun and Mount; the 
Welded Structure, Using High Strength Plate, Cuts Weight by 20% 


“"@iinediate products, of course, for less severe con- General Summary of Factors 
liditions. Low copper steels have been used 

thextensively for atmospheric resistance, and ingot For a given application, the consideration of 
e™@# irons have been used with success in underground the above selection factors will usually indicate 
‘WG installations as culverts. Then there are many the characteristics of the steel that is required. 
AH sood surface treatments fer corrosion prevention. It is then only necessary to select a steel having 

°4 Corrosion materially reduces the endurance those characteristics. This makes it sound easy! 
“mit of a bare part, and too little consideration An important advancement in design and 
ias been given to the corrosion fatigue of ferrous materials engineering is being made through 
aterials. Its importance is apparent when one stress analysis. The aircraft industry has pio- 
emembers the obvious fact that corrosion rough- neered this work and found it extremely advan- 
ns the surface, even deeply pits it at times, and tageous. A better understanding of the stresses 
‘hese “stress raisers” are the loci of stresses far involved in a given application permits the 
: yond the endurance limit of the material, even designer and metallurgist to work more precisely. 
hough the expected average of recurring stress In addition — once the stresses are really known, 
‘the surface is far lower. relatively simple but adequate acceptance tests 
for production material may be developed; 
Reliability and Workability emphasis can be placed on practical testing, simu- 


lating conditions occurring in service operations, 
Reliability. The best method of insuring Herzig, in the January 4, 1943 issue of Steel, 


‘very of steel of uniform and reliable charac- — effectively summarizes the principles of testing 
sties is to purchase. from a reliable source. as follows: “In the past a great deal of emphasis 
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has been placed on physical tests which are Design factors include the volume of 


faithfully performed because we knew so well vessel, its working pressure and temperaty 
how to perform them, rather than because those and the nature of the product to be handled, 1 


, tests precisely described the fitness of material influence of pressure on containers such as evli 
‘ for service. The new viewpoint focuses attention ders and spheres has been the subject of math 
on fundamental characteristics, and not tests matical studies supplemented by extensj 
whose relation to performance is obscure at best.” testing. The tensile strength of the material ha 

Further comment on the meaning of tests been correlated to its behavior in this desig 

seems unnecessary. and a wall thickness capable of withstanding | 

peak pressure can be selected. Operations 

Selection of Plate atmospheric temperature are well understo 

As the temperature requirements of {i 

To many of us, plates have been of little process go up, the physical properties of { 

concern. However, they are an essential com- steel change markedly. Thus the short-ti; 

modity, and it is probable that even small-parts tensile strength of carbon steel will change fro 

makers may find them useful and economical as 95,000 psi. at room temperatures, to 13,000 

a raw material for future production. 950° F. An increase in wall thicknesses wou 

That the war effort depends upon the ability be necessary to meet such a condition. In ad 


of the steel industry to produce plate has been tion, at temperatures above 700° F. steel 


(a) Average, unless otherwise noted. 
(b) Average of 168 heats of structural plate and shapes for Kill van Kull arch bridge. 


a Table 1— Common High Tensile Steels 
CHEMICAL COMPOSITION TENSILE Properties, 1-IN. PLare, As Rous 
CARBON MANGANESE) SiLicon | Copper NicKeL ELEMENTS (a) Point STRENGTR tw 2 
S.A.E, 1335 ¢b) 0.33 1.63 0.18 58,600 101,600 19.5 in 
2 to 2.5% Ni 0.35 max. 1.00 max. weie és 2.00 min. Tt 65,000 100,000 30.0 
NE 9400 0.80/1.10  0.20/0.35 0.30/0.60  0.30/0.50 Cr, 0.08/'0.15 Mo 60,000 90,000 10 to 20 
Mn-V O.13/0.18 1.20/1.45 Si O10V 55,000 80 to 95,000 18.0 
C-Mo 0.13/0.25) 0.50/0.90 0.15/0.30 ‘on 0.50 Mo 4210 57,000 | 72to 79,000 27to 20 
Mn-Mo 0.15/0.30 1.20/1.75 -0.20/0.50 =" 0.35 Mo 50 to 80,000 75 to 120,000 
S.A.E. X-4130 0.25/0.32) 0.40°0.60  0.15/0.30 0.20 Mo, 0.90 Cr 70,000 90,000 20to10 | 
Cor-Ten 0.12 max.) 0.10/0.50  0.25/1.00 0.30°0.50 0.55 max. 0.50/1.50 Cr. 0.15 P 50,000 70,000 22.0 
Man-Ten 0.30 max. 1.10/1.60 0.30 max. 0.20 min. aalele ovata 50,000 75,000 20.0 
Yoloy 0.05/0.35 0.30/1.00 0.20 max. 0.85/1.10 1.50/2.00 53 to 85,000 68 to 105,000 
R.D.S. 1 0.12 max. 0.50°1.00 —— 0.50/1.50 0.50/1.25 0.10 min. Mo 55,000 70,000 25.0 
R.D.S. 1A 0.30 max. 0.50/1.00 — 0.50,1.50 0.50/1.25 | 0.10 min. Mo 70,000 90,090 15.0 
Hi-Steel 0.12 max. 0.50/0.70 0.30 max. 0.90/1.25 0.45/0.65 | 0.12 P 55.000 70,000 20.0 min. | 
Armco high tensile 0.12 max. 6.20 min. 0.10 max. 0.35 min. 0.50 min. 0.05 min. Mo 50,000 65 to 75,000 25.0 to 28.0 | 
Jal-Ten 0.35 max.) 1.25/1.75 0.30 max. 0.40 max. 50,000 80,000 20.0 
MayarilK 0.12 max. 0.50°1.00  0.05/0.50 0.50/0.70 0.20/1.00 Cr. 0.10 P 50,000 70,000 22.0 
A.W. Dyn-El 0.50/0.80 0.30 0.50 0.08 P 52 to 60,000 68 to 78,000 25.0 
N-A-X high tensile 0.10/0.18) 0.60°/0.75  0.65.0.90 0.25 max. 0.10°0.25 0.15 max. Mo. 50 to 65,000 70 to 85.000 12.0 to 50.0 | 
¥ 0.12 Zr, 0.60 Cr | 
= Otiscoloy O12 max. 1,00/1.35 0.10 max. 0.50 max. 0.10 max. 0.10 max. Cr. 0.12 P 50 to 70,000 70 to 85,000 .0to 4 
Lukens Cr-Mn 0.35/0.45 | O0.80/1.00 0.15 0.40 0.40 Cr 55% of 90,000 18.0 


adequately demonstrated. During the construc- “creep”, that is, appears to become plastic, 4 


tion phase of this war, when army centers were “gives” slowly with the stress. At more eleval 
being built and industry converted, the principal temperatures, this will lead to structural failure 
2 uses were for pressure vessels in chemical, in measurable time. 
munition, oil and rubber plants, boilers and The nature of the product and the tempe' 
power plant equipment, oil tanks, and pipe lines. ture used in processing regulate the degree 
As facilities became available, and the produc- corrosion and thus the suitability of the var 
tion of the implements of war attained its present grades or alloys for that particular applica’ 
scale, the use of plates shifted to bombs, tanks, Consideration must also be given to the poss! 
ships and marine boilers. With these changing ity of contaminating the product through © 
requirements the choice of the grade of plate rosive reactions. 
has undergone even more radical change, yet the In the actual forming of the pice int 
basic principles of steel selection have operated cylinder, and flanging and dishing the neces” 
; throughout. Each application has been com- heads, the steel undergoes permanen! delor 
« pounded from the factors of design, mill fabrica- tion. It is therefore essential that the 
tion, and shop fabrication. possess the needed ductility, either in ‘he hol 
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ondition. The use of welding as a joining 
method has been firmly established in all modern 
plate fabricating shops, yet it must be recognized 
that this introduces further limitations. Not all 
steels can be welded without damage, and con- 
siderable precaution must be used on a great 
many others. In general, carbon steels contain- 
ing about 0.30% carbon and more offer serious 
welding problems; the danger of cracking is 
always present. This is aggravated in the use of 
low alloy steels, therefore in them the carbon is 
usually reduced to 0.20%. Secondly, the heat 
generated by welding may reduce the physical 
and corrosion properties of the base metal adja- 
cent to, or in the weld; this further complicates 
the design and choice of correct thickness. 
Finally, additional fabricating facilities such as 
large stress relieving furnaces and radiographic 
equipment may be required. 

Riveted structures may avoid some of the 
above problems, but joint efficiencies are further 
reduced. In addition, modern equipment and 
processes in the chemical industry and in the 
central station steam plants have tended toward 
higher pressures and temperatures, necessitating 
wall thicknesses far beyond the range of riveting, 
ws Shown in the view on the next page. Hitherto, 
huge hollow bored forgings represented the sole 
solution, but advanced welding technique has 
afforded a more economical alternative. 

The maximum dimensions in plate sizes 


Table I! — Summary of A.S.T.M. Plate Specifications 


depend upon the particular steel mill. For widths 
up to 160 in. there are several mills available. 
For the extreme design cases it is possible at one 
mill to roll widths up to 206 in. (page 707). 

At this point it is proper to mention the cos 
factor. Normally, there will be a choice of steel 
analyses, sizes, and mill treatments. All other 
factors being equal, the type and size of plate to 
be ordered should represent the lowest costs in 
the overall sense. For example, at times it is 
desirable to pay mill extras for additional width 
and length to eliminate joints, for which the 
cost of welding and inspection is high. 

The American Society for Testing Materials’ 
carbon steel plate specifications will cover the 
majority of applications. A summary of these 
is given in Table Il. Compared with the 5S.A.E. 
specifications for alloy steel, the chemical 
requirements are quite “sketchy”, more depend- 
ence being put on physical properties in the metal 
as delivered from the mill to the fabricator. 


High Tensile Plate 


A new class of applications is becoming more 
prevalent wherein the weight is important. The 
need for high strength steels, some with better 
corrosion resistance, to substitute for the lower 
strength carbon steels has long been recognized 
by the railroad industry. Considerable impetus 
to this movement has been given by the low alloy 
high tensile plates. These 
are generally of a proprie- 
tary composition and usu- 


PHYSICAL (a) 
SPECIFICATIOXN TENSILE MAXIMUM 
STRENGTH CARBON Maximum 
(1000 Psi. MANGANESt 
Structural Steels 

\7 Bridges, building to 72 

AS Structural nickel to 115 0.43 

AM Structural silicon tO 95 0.40 

Alt Mild steel 55 to 65 ° 

\78 — Welding quality A 15 min. O17 0.35 to 0.80 
\78 - Welding quality B 50 min. 0.22 0.35 to 0.80 
All Railroad cars 50 to 65 
A113 Locomotive structural 55 to 65 
All Cold pressing 48 to 58 

Boiler Steels (d/ 

Age Boiler Mange 55 to 65 er 0.30 to 0.60 
AM Boiler firebox A 52 to 62 0.25 0.30 to 0.60 
AS | Boiler firebox B 48 to 58 0.25 0.30 to 0.60 
Boiler lange 55 to 65 0.80 

A7t Boiler firebox 55 to 65 0.25 0.80 

\89 Low tensile flange A 45 min. 0.15 0.35 to 0.60 
\89 -- Low tensile firebox A 45 min. 0.15 0.35 to 0.60 
\201 — Carbon silicon A 55 to 65 0.20 0.80 
V2 Carbon silicon B 60 to 70 0.24 0.80 
A212 _ High tensile A (Mange) 65 to 77 0.28 0.90 
A212 High tensile B (firebox) 70 to 82 0.31 0.00 


Cuenicar Limerrations (b/ 


| 0.15 to 0.30 Si 


ally sold by trade name to 
minimum physical proper- 
Some of the more 
common ones are listed in 
Table I, page 710. Some 
compositions are such that 
they are technically alloy 


ties. 


0.20 Cu min. Cif specified) 
3to 4% Ni, 0.20 Cu 
0.20 Si 


06.20 Cu min. Cif specified) 


0.06 max. P steels, while others con- 
0.06 max. P 
0.20 Cu min. (if specified) form to the commercial 
0.20 Cu min, (if specified) definition of carbon steels. 
0.20 Cu min, (if specified) 

For some time now the 


production of some of the 
more highly alloyed steels 
in this category has not 
been authorized for private 
account; however we all 
hope this limitation will 
not exist for a much longer 
time. 


2 in, thick 
0.25 Cu (max.), 2 in. thick 
0.25 Cu (max.), 2 in. thick 
2 in, thick 
4 in. thick 


0.15 to 0.30 Si 
0.15 to 0.30 Si, 2 in. thick 
0.15 to 0.30 Si, 4"% in. thick 


(a) Yield strength (min.) equals ‘s tensile strength 


0,000 - tensile strength; bending tests are also required. 
(b) P, 0.04% max.: S, 0.056 max. 


(c) Carbon limits frequently vary with thickness of plate. 


(d) All boiler steels require a homogeneity test. 


(usually 
ductions for thick plates). Min. elongation in 8 in. for flange steels usually equals 
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While the transporta- 
tion industry's equipment, 
including railroad cars, 
trucks, buses, and street 
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Boiler Drum and Domed Head, Completely Welded 
From 6%4-In. Steel Plate (70,000 Psi.). Vertical 
goose neck welded of 3%4-in. plate. Unit withstands 
2500-psi. pressure. Courtesy Babcock & Wilcox Co. 


cars, has received most of the tonnage produced 
in low alloy, high tensile plate, other imortant 
applications have been for construction equip- 
ment, such as for cranes and earth movers. 
Redesign of booms, using low alloy, high tensile 


shapes, utilizing 


steel, and welded joints have decreased the weight 
almost 30%. Much is now being used for war 
materiel; some for mechanical parts. 

Fabricated assemblies have replaced castings 
in industrial equipment such as water wheels, 
blowers, and cyclone scrubbers. The weight 
saved through a combination of high strength 
and welding technique increases the machines’ 
efficiency. Reduction of dead weight in static 
structures such as bridges, structural frames, 
and supports — has led to overall reduction of 


in 1943. 
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costs in the complete strue- 
ture. A promising field exists 
in the more general use of 
this material, when it becomes 
available. 

Care must be exercised ip 
replacing cast iron with stee! 
in some applications. Thus, 
in the redesign of machine 
tools, such as planer and lathe 
beds, it was found in some 
instances that high tensile 
steel could not be utilized to 
save weight because of its 
unsatisfactory “damping 
capacity”. In operating such 
a light-weight machine tool, 
excessive vibration was set up 
in the frame when heavy cuts 
were taken, with the resultant 
poor finish and high machine 
tool depreciation. 

One of the main consider- 
ations in the design of mobile 
gun mounts and carriages is 
the overall weight. An out- 
standing Ordnance develop- 
ment since the last war is the 
substitution of low alloy, high 
tensile welded gun trails for 
riveted carbon steel trails. The 
mobility and tactical char- 
acteristics of the weapons wert 
materially increased by 4 
weight reduction, running up 
to 20%. Decreased fabricating 
costs and greater production, 
also achieved, are of no small 
importance. A good example 
is given in the photographs 
on pages 708 and 709. 


Another important field of application 0! 
high tensile plates lies in the fabrication of smal! 
parts such as gears, cams, sprockets, and similar 


flame cutting and _ blaaking 


processes, both of which have been developed 
a high degree of accuracy. It has frequently been 
possible to flame cut and flame harden parts more 
economically than by casting or forging, followe¢ 
by machining and heat treating, where dime” 
sional tolerances will permit. 

The extended use of plate is very closely 
connected with the growth of welding 4s 
method of shop fabricating. 
rod itself has increased from 18,000,000 |b. | 
month in 1940, to over 80,000,000 Ib. p« 


The use of welding 
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Metallurgicus’s 


Own Department 


Controlling the Temperature of 
Quenching Oil 


v 4 series of short discussions in these columns 
| a few months ago, some of the fundamentals 
f good oil quenching were brought out, prin- 
pally with respect to getting the oil to the work 
it ean do its required job of taking away heat 
uickly and uniformly. 

Another essential factor for good and con- 
sistent results is maintenance of reasonably con- 
‘tant oil temperature. (Of course, the following 

marks apply equally well to aqueous solutions 
uch as brine or sodium hydroxide.) The heat- 
tracting power of oil varies greatly with its 
mperature, and temperature for maximum 
ienching effect is by no means the same for 
ferent oils. This point was thoroughly brought 
it in an excellent paper by Spring, Lansdale and 
\lexander given at the 1943 convention and 
printed in Vol. 33 of Transactions @, page 42. 
‘will repay an evening’s reading (or re-reading) ; 
ie amount of discussion which this paper evoked 
‘an indication of the commercial and practical 
portance of the subject treated, namely “An 
“valuation of Quenching Oils”. 

lt is ordinarily desirable to use the oil, 
egardless of type, at the temperature which gives 
‘astest cooling. (My research friends might wish 

rephrase the last part of the sentence, “at the 
“mperature which cools the steel from quench- 
§ temperature past the nose of the S-curve — 
here transformation starts with the least delay 
in the shortest time”.) It is also essential for 
ormity of hardening and control of distortion 
it the oi] temperature be held within reason- 


é limits — say 30°, although narrower or wider 
its may sometimes be useful. This means 
it the oil must be healed if too cold (which 


iV O¢cur ‘ 
fcurs at the beginning of a work period) 


alw 
always, cooled to remove heat added by the 
lenched Steel, 
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Bits and Pieces 


Metallurgicus reappears in this issue, 
after an unavoidable and regrettable 
absence, and discourses on so practical 
a subject as adjusting the temperature of 
the quench to the part being quenched, 
and keeping that temperature constant. 
Most of his friends know that publish- 
able items in this department rate any of 
the & books (except the Handbook). 


The necessity for heating cold oil to the 
proper operating temperature is sometimes over- 
looked with disastrous consequences. A simple 
steam coil in the tank will take care of this; more 
elaborate arrangements may be made, of course, 
such as a system of automatic valves admitting 
either steam or cold water to the heat exchanger 
(oil cooler) as required. 

Cooling of the quenching oil is practically 
always necessary unless only small amounts of 
work are quenched in large tanks. Good agita- 
tion of the oil will go a long way toward eliminat- 
ing localized overheating of the oil — in fact, the 
local heating is a big reason for the need of good 
agitation. But some means must be provided 
for taking away from the oil the heat it takes 
from the hot steel. There are several ways this 
can be done. “Cooling” the tank by surrounding 
it with a water jacket is very unsatisfactory, for 
obvious reasons. 

If the oil is pump-circulated (as for pressure- 
quenching or some of the other methods dis- 
cussed in earlier issues) it is quite easy to hook 
in a heat exchanger of some type. The simplest 
is built like a copper-coil domestic hot water 
heater, with oil flowing around the outside of the 
coils and cold water (or steam, as mentioned 
above) through the tubes. Larger, more elaborate 
devices are available for large systems, and the 
cooling water cost may be reduced by evaporator- 


4 
3 
Z = 


coolers so the water may be re-used. Another 
variation consists of a concentric pipe cooler, 
looking like a large steam radiator, water run- 
ning through the central pipe and oil through the 
annulus between central and outer pipe (or vice 
versa). This arrangement has a lot of joints 
and hence many places where leakage can occur, 
with resultant spoiling of the oil. Welded con- 
struction will help, if proper allowance is made 
for differential expansion of pipe at different 
temperatures. 

A very ingenious scheme has been occasion- 
ally used employing one or more auto or truck 
radiators in tiers, with the oil trickling over them 
while water is circulated through the insides in 
series; this is very compact and effective, although 
subject to the hazard of leakage. 

For individual quench tanks — particularly 
if remote from the regular oil system (or where 
there is none) and when pump circulation is not 
required —-one of the best methods of cooling 
consists of a copper coil immersed in the tank 
at one end, through which the water is circu- 
lated; a motor driven propeller at the bottom of 
the coil insures quick heat transfer while also 
imparting good agitation to the oil for quenching. 
I have never seen this gadget advertised. An out- 
board motor could easily be adapted. A standard 
paint mixer, with the addition of a copper coil, 
I have discovered, is particularly effective for 
use in tool-hardening tanks. 

Cooling of quenching oil is a real problem, 
and deserves constant attention. Money spent on 
thermostatic valves is well spent, and study of 
best temperature for oil may indicate some pos- 
sible further economies. Obviously, 100° F. is 
easier to maintain than 80°, and 150° easier (in 
a large, busy heat treat) than 100°. The usual 
cheap, effective “light mineral oil” seems to work 
best at 100 to 130° F. A few years ago one of 
the leading gear producers was experimenting 
with an oil temperature of 260° F. for quenching 
carburized gears, and appeared to be getting 
splendid results. Can any readers of “Bits & 
Pieces” add any later information on this? 

METALLURGICUS. 


Spotting Cobalt High Speed 


ps on TWO useful ideas may be added to the 
schemes already noted in “Bits and Pieces” 
for distinguishing tungsten high speed toolsteel 
from the varieties containing cobalt. I can testify 
to their reliability, for they have been used since 
1911, when Supt. Kowallik of Becker Steel Works 
in Germany transmitted his new formula for 
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cobalt high speed to the English firm with whic! 


I was then associated. 


George Roberts (in May Metal Progress) use. 


a drop of concentrated hydrochloric acid; with 


30 sec. a bluish color will appear around th 
edges. A clean surface (a ground spot) helps 


considerably; also the reaction is faster ap 
clearer if the steel is warm to the touch. 
Robert Gross in the August issue reco 
mends the application of filter paper dipped 
the acid. Here again a clean surface is desira) 
even if not absolutely necessary. A few vigy 
ous strokes with emery paper will help; a sp 
grinder is even better. (Vicror F. J. Trw 
Latrobe Electric Steel Co.) 


Bend Tests Above Room Temperature 


INDING IT NECESSARY to make bend tests abo 
F room temperature, we made a fixture as show 
in the sketch. The anvil slides out so that it: 
be placed in the same furnace with the be: 
specimens and replaced just before the tes! 
made. The fixture is also warmed, and the an 
is a snug fit so that alignment 
is maintained and no time is 
wasted in the proper posi- 
tioning of the test specimen. 

To carry the specimens 
from the furnace to the test- 
ing machine and still keep 
them hot, we took a 
piece of cold rolled 
steel and drilled a hole 
in it deep enough so 
the specimens would 
be completely sur- 
rounded when dropped 
in. A handle was fas- 
tened to the carrier as 
a further convenience; 


megs 


Bending Fixture 


we also heat this car- Movable Anvil Prehe 
rier with the bend to Testing Temperatu’ 
specimens. 


By thus keeping the bend specimens #! tr 
proper temperature until the test actually st” 
having the fixture warm, and making the tes! 
a hot anvil, the temperature at the time of ("" 
could be relied upon, at least close enough ! 
our purposes. Any closer control would prob 
require us to build a furnace around ‘he tes! " 
fixture —- an awkward alternative if a arse °" 
her of tests are to be made. Our spect! 
(0.187 in. square) will still be over 2°! F. al 
1 min., when the starting temperature is 90°" 
(C. F. Sawyer, Carnegie Institute of © chnolos} 
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Salt Baths for Copper Brazing 


HE ILLUSTRATION shows a small gun assembly 
T that was giving a good deal of trouble, pro- 
ducing 15% rejects, until the work was trans- 
ferred to our salt bath line-up for high speed 
steels. The operation consists of copper brazing 
two small cheek plates of S.A.E.1030 near the 
end of a bar of 1050 steel. The plates, approxi- 
mately 1 sq.in. area and % in. thick, are first 
tack welded (by spot welder) to the sides of the 
strip, a copper shim being inserted prior to weld- 
ing. The parts are then placed in a rack which 
holds 20 pieces, and are ready for brazing. Bar 
ends are first immersed in preheat bath at 
550° F., then transferred to the high heat bath 
at 2090° F. and held 45 sec. (measured by time 
clock and warning light). The parts are then 
transferred to the third salt bath in line, the one 
ordinarily used for quenching high speed tools. 

The salt quench is one of the reasons for the 
outstanding success of the entire process. This 
salt quench checks the flow of copper immedi- 
ately, eliminating any tendency to run or blow 
or form a blob on the surface of the work. The 
work comes clean and smooth excepting for a 
thin coating of salt. Temperature, usually held 
it 1150° F., is not critical; it is only necessary 


that the quench be salt, since a water or oil 
quench will invariably blow the copper out. 

After the quench, the work is water hard- 
ened and straightened. This is also a simple 
matter since the use of the salt bath prevented 
‘ny noticeable decarburization that is usually 
present with conventional methods of brazing in 
‘ reducing atmosphere. The work is merely 
reheated to 1550° F. in the “preheat” salt imme- 
diately after the salt quench, and then cooled in 
water so that the end of the bar is hardened to 
the required C-50 to 52 Rockwell. 

An interesting feature of the process is that 
flux is not required; the salt itself acts as a flux. 
Production in this line-up of Upton electric salt 
vath furnaces with automatic heat control, and 
Withoul elaborate conveyors, is 600 parts per hr. 
“Hanies R. Sr. Joun, Proprietor, Industrial 
Meel Treating Co.) 


Removing Broken Tools From 
Aluminum Alloy Parts 


_— Taps, drills and reamers have caused 

many an expensive casting or forging to go to 
the scrap pile. The normal method of tackling 
such problems (dependent of course on the shape 
of the part and the position of the snapped-olf 
tool) is by gouging round the broken section and 
levering or pulling it out, by drilling and reaming 
a hole from the opposite side of the part in line 
with the original hole and then knocking the 
section out, or by other laborious and time 
devouring operations. The devastated hole from 
which the broken tool has been removed has now 
to be plugged with aluminum and sometimes 
requires welding. 

This serious problem has been overcome by 
an electrolytic process which dissolves out the 
broken tool in a remarkably short time without 
detrimental effects to the part. The process con- 
sists of suspending the part in a steel tank (size 
to suit dimensions of part) with an electrolyte 
composed of a saturated solution of ammonium 
sulphate (750 g. per liter) and having a voltage 
varying between 25 and 50. The current is not 
important except that the higher the amperage 
the faster the steel tool will dissolve, the maxi- 
mum current being restricted by the fact that if 
the current is too high, the protective coating 
formed on the aluminum alloy will be broken 
down and the part will be severely attacked. 
The part containing the broken tool is the anode, 
and it must be immersed in the solution although 
the remainder of the part does not necessarily 
require to be. The cathode is comprised of steel 
plates. After the tool has been dissolved or loos- 
ened, the part is removed from the bath, carefully 
washed and dried. 

During the electrolysis very little aluminum 
is removed, even though aluminum is above iron 
in the electrochemical series, owing to the speedy 
build-up of a protective oxide coating. 

Using an initial voltage of 25 volts and a 
current of 50 amperes a broken tap was almost 
completely dissolved in approximately two hours. 
It is not essential for the broken section to be 
dissolved completely, it being sufficient for the 
section to be loosened in the hole enough to allow 
it to fall out with gentle tapping. 

Two precautions: First, there should be no 
other metal section on the part other than the 
broken tool, otherwise it also will be attacked and 
dissolved. Second, the parts should be sound, or 
the porous areas will be severely attacked. (C. A. 
E. Metallurgist, Albion Motors, Ltd., 
Glasgow ) 6 
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Pioneer in Powder Metallurgy 


October 1, 1944 


At this festive occasion, your 75th birthday Mr. Gilson, we 
trust that you will at last permit us to say a little about your life. 
.... You were born in Machias, Maine; were graduated in engineer- 
ing from Cornell where you were a member of the varsity crew 
for three years; you served in clectrical engineering and adminis- 
trative posts for eight years thereafter; you married Mary 
Fitzsimons of Waterbury, Conn., and have two grown sons — one 
in the Army, the other in defense work; you spent 32 years in the 
General Electric Co.’s Research Laboratory in Schenectady and 
the last ten as a consultant in powder metallurgy. This is but an 
outline of the honorable record. From your colleagues, your note- 
books, and the patents that the General Electric Co. asked you to 
write, we also learn that you were intimately connected with the 
development of fused quartz, metallized carbon filaments, tung- 
sten metallurgy, lightning arresters, bearings and their lubrication, 
high-tension underground cables, tungsten carbide, electrical con- 
tacts, and precision casting. You developed the metal-graphite 
brush for generators and motors in 1908, and from this originated 
the metal powder product known as “Genelite” used for bearing 
and anti-friction applications. You are still active in the field of 
powder metallurgy and are now doing research work on the fric- 
tion of rubbing surfaces — still a true mystery. Others have pub- 
lished much and received acclaim here and abroad, you held onto 
that heritage of the country and seafaring men of the easterly 
counties of Maine who abhor tall talk and long writing; neverthe- 
less you were always a cooperative member of the team. In Patent 
No. 1,177,407, which establishes you as the inventor of the so-called 
oil-less bearing, one might object to your literary parsimony until 
he follows the teachings of the patent; then he will recognize the 
basic techniques and physico-chemical fundamentals inherent in 
your frugal statements. In spite of your reticence, we know that 
should we be stranded on the road from Schenectady to Troy, 
there is a lovely farmhouse on the hill where we can get old 
fashioned New England hospitality and good conversation about 
fast sailing and old-time fishing in Machias Bay. When you take 
the garrulous wanderer to the crest of the hill to view the Berk- 
shires, the Green Mountains, and the White Mountains to the East, 
the Adirondacks to the North, and the Catskills and the Helderberg 
to the South, he also becomes silent. 

A toast, gentlemen! To Emery Graves Gitson, American, 
Investigator, Metallurgist, Friend, whose 75th birthday is today! 

JoHN WULFF 
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Recent Improvements in 


Lead Alloy Coatings for Steel 


I 
( 
or 1Y 
By C. H. Hack, seigh 
D. S. Kondrat fter : 
and H. E. Zahn nite 
National Lead Co. Research Laboratories, orros 
Brooklyn, New York ited i 
ind 
{mos 
The ability of lead and lead alloys ast 
to resist atmospheric corrosion has 
War-time shortages in tin and zinc —the two most been known and utilized for many HU"! 
‘ centuries. The lead roofs of the old 
used protective coatings on steel — and a relative cathedrals of Europe have withstood 
abundance of lead caused a quick conversion of hundreds of years of varying climati 
; : conditions. In general, the addition o! 
many hot dip operations to the use of a lead alloy small percentages of antimony and tin Le 
much lower in tin than the conventional terne- improves the atmospheric corrosiot ma 
resist: le: sua rhereto 
plate coating. The authors studied the details of pron nly u 
the process — principally the formulation of a ings, containing less than 3% tin, was 1 in 
discovered only within the past few 
suitable flux, and a corrosion resistant lead con- years. Fluxes also have been devel- artis 
taining the minimum of alloying constituents for oped that insure excellent adherence — 
d and coverage by these low tin alloys — 
successful bonding to the steel. Results have It is now possible to produce thor jmp iste 
been so satisfactory from a fabrication, perfor- oughly satisfactory coatings of this a 
alloy at a reasonably low operating 
mance and cost standpoint that a wide post-war temperature. . Ing 15 
use may be predicted. Lead, like certain other common - . 
metals, is able to resist atmospheri = 
corrosion because of the formation 0! “ bat 
HE INCREASING USE of and interest in tin- a firmly adhering, practically insoluble, protecti’ is | 
lead alloy coatings on steel is indicative of film. The permanence of these protective film “reat 
the general acceptance of a new coating alloy, is dependent upon the bond between the film an¢ mane 
low in strategic tin. Firm adherence of coatings, the metal, as well as upon the insolubility, impe™ “e an 
superior performance in forming and drawing meability and self healing property of the film ¢ 7: 
: operations, suitability for painting without spe- A few of the common metals showing the we! - 
cial preparation, and excellent corrosion resist- known ability to resist corrosion in norm ‘s es 
ance are properties which individually and — atmospheres by this mechanism are lead, cop) ae 
collectively attract new and wider fields of use. and aluminum, and many of their alloys ’ - 
The possibility of making deep draws with Resistance of lead and other metals to Vv"! : wat) 
the lead alloy coating acting as a lubricant, and ous atmospheric environments is show! in the sate soe 
of forming coated sheet without fracturing or various reports to the American Society ‘or Te*' . ter 


breaking the continuity of the coating, appeals to ing Materials by Committee B-3 on the (orros" 
the fabricator. of Non-Ferrous Metals and Alloys. Th: rePpe 


quant 
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Table I — Calculated Average Penetration (Inches x 10°*) After 10 Years’ Exposure 


| 
INDUSTRIAL OR SEMI-INDUSTRIAL | Sea Coast RURAL 
METAL Key West La Stare Cor.) PHOENIX 
FLA. CAL. Pa. ARIZ. 


ALTOONA, Pa. New York, N. Y. 


Chemical lead 2.7 By 2.2 1.6 1.9 1.0 
1% Antimonial lead 2.1 1.2 2.1 2.4 1.3 1.1 
Prime western zinc (99%) 19.1 19.3 | 2.1 6.8 4.0 1.0 
High grade zine (99.99%) 19.3 20.2 1.8 6.3 3.4 0.7 
Copper (tough pitch) 4.6 4.8 2.0 5.2 2.3 | 0.5 


or 1943 (Proceedings, Vol. 43, p. 135) shows the to meet the needs, there was an immediate turn 


veight loss of metal plates 9 by 12 by 0.035 in. to substitutes or replacements. Since lead and 
iter ten years’ exposure at six locations in the its alloys were known to possess excellent cor- 
nited States. From these values, the average rosion resistant properties and since lead was 
orrosion penetration in inches has been calcu- _ readily available in sufficient quantities, it was 
ited in Table I for lead, 1% antimonial lead, zine logical for metallurgists to undertake further 
nd copper. The results clearly show that in all investigation of the value of lead alloys as pro- 
tmospheres — industrial, semi-industrial, sea tective coatings. 
ast and rural— the extent of the corrosion of Bonding qualities had to be studied first, 
ad is extremely small, and this again proves without the use of such large amounts of tin as 
juantitatively the effectiveness of lead and most are contained in terne plate. More efficient fluxes 
f its alloys as protective coatings. had to be perfected which would lend them- 
selves to the increased production tempo. As far 
Bonding of Lead to Steel as bonding is concerned, it was found that lead 
alloys containing antimony and silver could run 
Lead does not “alloy” with steel, in the usual the tin as low as 2.5% without impairment of 
nse of the term, and therefore its bonding bonding or corrosion resistant characteristics. 
hereto as a coating metal can be accomplished Likewise, non-aqueous fluxes were developed for 
nly under definitely controlled conditions. these low tin alloys. 
However, lead alloyed 
vith certain other Table Il — Outdoor Protection of Iron by Couple Action 
metals develops an of Other Metals of Equal Area* 
‘cellent bond with 
eel. A typical exam- Test SITE AND NATURE | PrroFe | Cu To Fe | ZN TO FE 
eis terne plate, which La Jolla, Cal. (foggy-seacoast) 2.47/0.52 4 0.25/0.05 + 2 | 2.18/0.08 4 
s steel coated with an Sandy Hook, N. J. (smoky-seacoast) 1.78/0.45 + | 1.92/0.95 + 2.60/1.62 + ? 
lloy of lead contain- Key West, Fla. (seacoast) | 1.44/0.36 + | 1.00/1.86 — 2.00/0.02 + 
Ing 15 to 25% tin, a Pittsburgh, Pa. (industrial) 1.39/1.10 + ? 0.63/1.74 1.77/0.02 
metal that is outstand- | Altoona, Pa. (industrial) 1.42/1.01 4 0.43/1.38 - 1.26/0.45 4 
ing in its ability to Rochester, N. Y. (industrial) 1.43/1.38 + ??)| 0.48/1.46 - 0.30, 0.04 + ? 
New York, N. Y. (industrial-seacoast) 1.06/0.98 + 0.62/1.44 - 1.79/0.03 + 
nd with steel. More- State College, Pa. (rural) 1.56/0.62 + 1.19/1.36 — ??) 3.00/0.31 + 
er, the tin also Phoenix, Ariz. (desert) 1.24/0.67 + 1.60/1.12 + 2? | 4.10/0.07 + 


creases the atmos- 
pieric corrosion resist- 
ie and hardness of 
¢ coating. 


Note: The first figure of the ratio represents the weight loss of the metal 
when coupled with iron divided by the weight loss of the metal when coupled 
with itself. The second figure represents the weight loss of the iron when coupled 
yee with the metal in question divided by the weight loss of the iron when coupled 
The advent of the with itself. Where the first figure is larger than 1.00 and the second figure 


ir with its resultant smaller than 1.00, the metal in question is anodic to the iron and tends to protect 
‘tease of production it and the couple has been marked +. Where the reverse is true, the metal accel- 
eated wide demands erates the corrosion of the iron and the couple is marked —. In some instances both 


figures are larger or both are smaller than 1.00. If in this case the first figure is 
" 2 substantially larger than the second, the couple has been marked + ?, and if the 
products. Terne second is substantially larger than the first figure, the couple has been marked — ?. 


corrosion protec- 


ate and galvanized Where the differences are small two question marks are used. 
ot being available *K. G. Soderberg, “Properties of Plated Lead Coatings on Steel”, 1943 Proceed- 


‘Wantiiies adequate ings A.S.T.M., Vol. 43, p. 562. 
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While all commercial metal coatings are 
more or less porous, evidence recently has been 
brought forward to show that a small degree of 
porosity in lead coatings is not detrimental to 
atmospheric exposure, as was previously sup- 
While such coatings may rust a little at 


posed. 
A possible 


first, this rusting does not continue. 
explanation of this is given by K. G. Soderberg, 
who refers to the work of the American Society 
for Testing Materials: “Corrosion of Non-Ferrous 
Metals and Alloys”, giving the data in Table II. 

Soderberg concludes that “lead coatings have 
a greater tendency to protect underlying iron 
electrochemically through pores in the coating in 
uncontaminated or sea coast atmospheres than in 
an average industrial atmosphere”. T. H. Westby, 
senior testing engineer in the chemical division 


Fig. 1 


of Sears Roebuck & Co., also informs us that he 
has found no visible signs of failure of hot dipped 
lead alloy coated gutters and downspouts after 
two years’ exposure to the industrial atmosphere 
of Chicago. 


Method of Application 


Coating steel with lead alloy by the hot dip 
process does not involve any radical changes in 
existing equipment such as shown in Fig. 1. A 
change in flux and slight changes in operating 
temperatures are the only departures required. 

Commercial hot dip coating practices involve 
cleaning, pickling, fluxing, coating, quenching 
and finishing. 

The cleaning operation is necessarily various. 
Some work, for example, requires sand blasting 
or shot blasting. Die cut parts and fabricated 


General View of Hot Dip Pot From Feeding Side. Courtesy Continental Steel Corp. 
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sheet steel units are often cleaned by Vapor 
degreasing or alkaline solutions. Acid pickling 
may be used alone or in conjunction with , 
preliminary cleaning operation. The concentrg. 
tions and temperatures of the various pickling 
baths are adjusted carefully, according to th 
amount and character of surface contaminatio; 
to be removed and the particular type of worl 
involved. Electrochemical cleaning is frequent 
employed as an adjunct to mechanical cleaning 
or ordinary pickling. All of these cleaning 
methods are so well known that they require ni 
detailed description. Similarly, it is recognized 
that the base metal must be handled carefully at 
all stages of the cleaning operation to avoid any 
contamination. Iron compounds formed during 
pickling must be removed prior to dipping. 


Fluxing is particularly important. I! com 
pletes the cleaning and insures proper wetting 
the base metal by the coating alloy. Spec! 
anhydrous fluxes have been formulated for th 
application of low tin-lead alloy coatings on ©! 
rolled and hot rolled steel, malleable iron, bras 
copper, copper alloys and other metals. Anh! 
drous flux of this type can have a melting pe! 
well below that of the alloy, and has a mu’ 
lower specific gravity so it floats readily om th 
molten alloy bath. It is non-volatile and, furthe 
more, does not decompose upon continued heating 
The actual coating operation involves s'™) 
the immersion of the cleaned article in the 
bath and then in the coating alloy, with the us" 
agitation to free adhering flux. Very 
are handled by means of baskets suitable 
mesh. Parts are centrifuged and sep: 
(The article continues beyond the 4-pe 
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inse! 
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NICKEL AIDS THE MACHINE TOOL INDUSTRY 


tro KEEP £m WorkineG 


“veryone marvels at the speed of 


‘’merican production for war... 


But how many realize that much of 
‘ne credit should go to machine tool 
lesigners ? 

They are the ones who created the 
‘ools for doing the job. 

They're making production miracles 

nplace...with the most efficient 
ine tools that ever whipped raw 
aterial into finished product. 


| And the secret? For one thing, they 

ry t gn each component part of 
Machine so that it outlasts the ma- 
The , i i 

w that failure of a single 
ine 


a Mass production setup 


might bring whole assembly lines to 
a stop. 

So they lean heavily on Nickel al- 
loyed materials for the critical parts 
of machine tools. 


Over the years they have learned 
that Nickel contributes toughness, 
strength, and fatigue resistance... 
properties vitally essential to many 
different kinds of tool parts... from 
grinder frames to tail shafts, from gears 
and spindles to drill chucks and lathe 
beds. 

In the industries which use machine 
tools, it’s an axiom that “a little Nicke! 
goes a long way” to keep ’em working. 


Whatever your industry may be... 


if you want help in the selection, fab- 
rication, and heat treatment of alloys 
... we offer you counsel and data. 


New Catalog Index | 


New Catalog C makes it easy 
for you to get Nickel litero- 
ture. It gives you capsule 
synopses of booklets ond bul- 
letins on a wide voriety of 
subjects — from industrial ap- 
plications to metallurgical 

deta ond working instruce — 

~ 

tions. Why not send for your | 


copy of Catalog C today? 


‘ Nickel * 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall st., New York 5,N.Y. 
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MAGNESIUM RICH BINARY ALLOYS * by FR Morn 


Eutectic Secand Canstituent Maximum \Mearmum) Effect of Solid Soltutiar 
3 S ~ ar’ 
Bs | 8 | g [Ge Ss | 38 on 
| ah 
H | 1 |@ Seber |00036@960 
Wi 
| 3 5 57 587. | 73 | | 825 52} 2 S7 | 3185:5120;18 
on + + + 4 4 + = to 
Na} Insoluble solid and state 
Cs | 55 in state | 
ZA\Be| 4 (?) No alloys obtained Down Up Up | inte 
Ca}20| 18 | 516 | 163| 54682 | 714 | Hexagonal 5464 | 60| 1 |} Up | Up 
Sr | 38 | @ 01@450 | 582 | 184) | 7141 | 606 acte 
= + + +> + — 4 
Ra | 58 618 133 6144 704 ? 43 | 02 
MA} La | $7 ? ? 571 | 147 | Mggla"”| 61.18 | 662 } | free 
WA | zr | 40 03@ 300 Up 42 | 05 Up | and 
Th | 90 | Large?)| Hé ning Mg2Th/?) ? Up(33000) 2| Up 
—_—+ + —— 
No alloys obtemed i | tube 
t dans 
No alloys obtained 
wA\|Mn|25| 21 |02@450 a@-Mn 2 |50|25| Up | Up | 35 | 
te | Fe | 26 Insoluble solid and liquid states | rt 
Ni | 28 507 | 231 | | 45.32 | 762 4! Down coat 
Mo,Pt | 1992 
1B | Cu | 29] 008 482 | 307 | | 4835 | 568 | Hexagone/ | foe Down | 
4g|47| 16 |009@200 | | Mp,Ag"”| 4035 | 492 | Hexagane/ 8| lp 93 | 20 | Up | Down| 1345 | 318426; 5 16169: 
4u|79| a8 ? 576 | 38 | Mg,4u | 2608) 818 
2B\2n|30| 17@200 | 340 | 535 | MgZn,/”| 2711 | 354 28,000} 2 | 82| 15 |Down BO | 3189; 5 179;16238 type 
Go | 48 Complete solubility 28,000| 15 | S2| 30 | up 472 | Figu 
Hg | 80 2 | 448 | 645 | Mogg” | 2667] 509 |Hexagona’ |{2- 488 | | in. | 
| 13 | 126 23 436| 322| MyA | 5459| 463 38,000| 120) 19 |Down| Down | 1144 | 14797162 The 
Ga | 31 | 86 | 08@200 | 423 | 404| MosGa, | 4658 | 456 {4 22,|8| Up 69 | 319396; 5 18636 
n 149 | 584 |428@200 | 484| 62 | 4463) ? | 318745: 5 2035! 
| 8! | GOS |398@200| 405 | 737| | 2293 | 413 Up 45.73 | 
si | 4 ? 6326| 14 | MgpSi | 634 | N02 | fcc 6391 | 4 |3¢000% 1 |50 |58 Down | 
| Ge 32 [6347 34 4o1 | ms foc (CaF) 63578 
Sn |50| 48 |23@440 |5606| 364 | Mg,Sr, | 2907| 778 | 8765 | 4 70 2s 110 | $2007; 520865: 16264 
= + + 
Po} 82) 3596 485 | 68 | | 1001 | 5580 fcc(Caf)| 6836 Up 52 30 Up 3806 | 320786: 5 23898: '6 
VB|N|?7 Mg,Nz | 72.26 cubic 995 
Mg; Gubic 233 | 
bcc 12.33 
Sb | 51 ? ? 630 | 35.7 23.08 | 1228 | $573, 55 | 5 |Down| Down 
Bi} 83 | 14 | 2@5e5 | 551 | 520|a-Mp, Bl, | 486 | 823 58 | 14 90s | 320405: 5 20788 
8 foc (Nec!) | 419 
foc (NaCI) | 519 
Se | 34 MgSe | 235 foc (Neg!) 
Te | 52 Mole 
Hexagon) 
Ge | 58 | 18 | 590| 21 | MyyGe | 6097 | 90 | 9 | Up |Down 
Pr) 59 ? 593 | 235| Mg,Pr | 3411 798 | cube 237 | 
Notes: (1) Farmed by peritectic reaction JC MeDongia, AIME, institute of Metals! Div,vol 137 (194 2480 
(2) Non-metallic (M,C, Cecomposes water farming Cot, etc.) vol 143 (1941) p 179. 
(3) Busts in 2 modihcations: at low tempereture (non-metallic) and (6) Pre sacar 
at Ingh thing about Mb 
(4) Trigonal A of the (Sip type. (2) Rolled 
($) ae alloying eements: Z7,Al, Ag, 7), Ca, C3, Ce, Ga, (8) Extruded 
ssibly desireble Ni and Cu. Not desirable: Sn, Pb, Bi and Sb 


% Magnesium, l2; melting point 649°C; crystal structure: nexagone/ Close Packed, 8-5 AU, Gfa-1 6256; strergth 2000 Pe 
Mg +s electropositive to most metals. 25,000 -* 
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baflle arrangement after coating, 
to prevent their “freezing” 
together. 

Quenching in oil, followed 
by tumbling in a sawdust filled 
barrel, insures a smooth, uni- 
form finish on small parts. Sheet 
steel is frequently passed through 
a hot oil bath and wiped clean 
with sawdust or the equivalent 
to finish the work properly. 
Treatment of all work must be 
governed to a large extent by the 
ullimate purpose for which it is 
intended. 

One of the outstanding char- 
acteristics of the process is its 
ability to produce work that is 
free of tear drops, heavy spots, 
and clogging. It is particularly 
effective on radiators in which 
tubes and fins are closely spaced (where there is 
danger of clogging), and on mufflers which have 
complicated systems of perforated baffles to be 
coated completely, inside and out. Cases for 
portable radios, and other fabricated units, which 
present a similar problem, are being successfully 


Fig. 2 


coated. 


Adaptability of Low Tin Coating 


There is no limit, apparently, to the size or 
type of articles that can be coated by this process. 
Figure 2 shows very small parts—less than ‘2 
in. long-—that have been satisfactorily coated. 
The coating facilitates soldering operations. Nuts 
and bolts can be coated uniformly without block- 


Fig. 3 


Examples of Small Parts, None More Than %2-In. Long, 
Coated With Lead Alloy Low in Tin. 


Courtesy Wacho Mfg. Co. 


ing the threads — in fact, the finished bolt pro- 
vides a safer, tighter connection than a bare one. 

These coatings, because of their anti-fric- 
tional property, greatly expedite the deep drawing 
and other forming of thin steel sheet. The coat- 
ing acts as a lubricant, permitting deeper draws 
having a smooth finish. 
can be bent and formed without danger of crack- 
ing or peeling, because there is no brittle bonding 
layer between the alloy and the steel, and the 
alloy itself is ductile. On draws as deep as 6 in. 
or even more, no visible cracking or peeling of 
the coating has occurred. 

Lead alloy coatings on large articles, such as 
metal drums, heating coils, radiators (Fig. 4), 
gas and oil tanks and similar equipment, offer 


Lead alloy coated sheet 


Medium Sized Boxes Being Cleaned Individually in Line of Tanks at 
Left; Small Parts Handled in Perforated Baskets at Right. 
and covers in foreground illustrate smooth finish. 


Completed boxes 
Courtesy Master Metalcoaters 
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the advantages of ease of application and excel- 
lent protection from atmospheric corrosion. The 
well finished appearance is evident from the 
at ee completed boxes in the foreground of Fig. 3. 
Coating Thickness -- Some work, subject to 
atmospheric exposure, requires a fairly heavy 
coating. Abrasion resistance, as well as corrosion 
resistance, is frequently important. These low 
tin alloys become harder with age. It has been 
found that while they may be defaced through 
rough handling, they are sufficiently tough and 
adherent that scratches rarely penetrate to the 
steel below. 

There are instances in which the coating 
may be applied fairly thin — for example, if the 
finished article is to be painted, or if the coating 
is to afford protection for only a very short 
period. Furthermore, a thick coating is not 
needed if the principal purpose is to facilitate a 
subsequent drawing or forming operation. Each 
type of work can be coated so as to accomplish 
most economically and effectively the purpose 
for which it is intended. 

As to the desirable weights of coating, thick 
coatings generally have a_ disproportionately 
longer life than thin coatings. W. H. J. Vernon, 
in an article in Metal Industry, Vol. 46 (1935) 
page 276, entitled “The Protection of Metals by 
Coatings”, attributed this to the fact that thinner 
coatings are generally more porous than thicker 
ones. Furthermore, the characteristics of the 
protective film formed on the coating metal affect 


Fig. 4 Large Radiator Being Dipped in Flux; Lead Alloy 
Tank at Left of Workmen. Courtesy Wacho Mfg. Co. 


the life. It is reasonable to expect that when the 
metal coating is very thin, all or a large part of jt 
will sometimes be used in the formation of this 
protective film. All protective films formed }y 
nature are non-metallic, and while their solubility 
in water is very low, the wastage over a perio, 
of years can be appreciable. There is also mor 
or less tendency toward erosion of these films 
upon exposure; as to this, the character of th 
protective film and the exposure environment ar 
governing factors. Ample coating thickness 
should be provided, obviously, to protect the arti- 
cle, part or structure as long as may be necessary 
A hot dip lead alloy coating weighing 0.7 oz. per 
sq.ft. minimum (approximately 0.0004 in. thick 
is considered completely satisfactory for resist. 
ance to atmospheric corrosion. 


Economics and Post-War Possibilities 


From an economical viewpoint the applica 
tion of these lead alloys offers many advantages 
The operating temperature of the alloy pot is low 
and this results in low fuel costs. Modern prac- 
tice in the handling of hot dip lead alloy mini 
mizes losses through drossing. Furthermore 
since the lead alloys do not attack the steel pot 
its life is far greater than with many other coal- 
ing metals. The anhydrous flux used has a lov 
vapor pressure, and at the usual operating tem 
perature fuming is negligible. Furthermore, the 
flux is stable and its effectiveness is found unim- 
paired after long runs; replenishment is needed 
only to compensate for the small drag out. 

Hot dip lead alloy coating was developed 
prior to the war, and the war provided impetus 
for its adaptation to many new fields. According 
to present indications, this metallic coating Is ‘ 
satisfactory that it will find continually wider 
acceptance after the war, with the release of stee! 
for non-military purposes. At present it 's 
employed in air cleaners, automobile radiator 
shells, foundry chaplets, can spouts, drawn aul 
filters, muffler shells, fuel tanks, and radio cases 
condenser shells and soldering lugs — to mentio® 
only a few. It will be used after the war !' 
these same purposes and also for many other 
such as air conditioning ducts, fencing, gutters 
and downspouts, meter boxes, containers of ma") 
types, farming equipment and_ miscellaneol’ 
hardware items. 


le 
Offering, as it does, so hi 


many worth W 


on 

advantages —economy of production, corms" 
resistance, ductility, paintability, and gene" 
adaptability —low tin-lead alloy coatings wil 


in 


inevitably continue to increase in impo tance 
the field of metal protection. 
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lf IS MY INTENTION to write a simple set of 
instructions primarily as an aid to those who 
re engaged in the operation of acid electric steel- 
nelting furnaces. All of the problems discussed 
erein will have to do with the operation of the 
urnace and the process of steel making. It is 
ot written for owners of plants or those who are 
hinking about installing an electric furnace. The 
tlormation about the installation of the fur- 
iaces, different types of furnaces, power system 
ecessary and other questions which might arise 
vhen choosing a suitable furnace for the needs, 
an be gotten from other sources, notably the 
listributors and manufacturers of such furnaces. 
onsequently we will apply ourselves to the prob- 
ems of operating the acid electric steel-melting 
‘urnace which we find in the shop. 


Charging the Furnace 


: There are three sources of trouble which a 
eller can run into in melting down a charge: 
irst he can have trouble making contact, second 
‘pulling bottom, and third from scrap bridging 
‘the furnace. Any one of these can be very 


rious ind lose a lot of unnecessary time. How- 
ke ‘| the proper scrap is available and it is 
‘ced in the furnace properly, there is little 
be ' any one of these three causing any 
ouble 


(Notes for Operators) 


Acid Electric 


Steel-Making Practice 


Most acid electric furnaces are used for mak- 
ing steel in foundries — that is, for production 
of steel castings. Therefore, usually 30 to 40% 
of the charge of scrap will consist of heads and 
gates that are cut off of the castings. The heads 
are usually charged on the very bottom of the 
furnace; along with them may be mixed any 
other heavy or chunky pieces, the heavy pieces 
being put in first and placed directly under the 
electrodes. The lighter heads are then charged 
in on top of the heavier pieces. 

A sound rule to go by is to place heavy scrap 

that is, scrap which is in large pieces or scrap 
that will pack compactly ——in the very bottom 
of the furnace. On top of that several types of 
scrap can be used. “Light plate” is one, that is, 
plate varying from % to % in. thick, and in 
pieces preferably not any larger than 6 in. square. 
Enough plate should be used to make a layer 
completely covering the heads or returns which 
were placed in first. In place of plate, small 
scrap of irregular shape can be used — that is, 
any other scrap which is clean and of not too 
large or irregular shape. Small plate is ideal, if 
it can be found, since it will pack fairly com- 
pactly and will allow the current which travels 
from electrode to electrode to pass through the 
charge very easily. 

On top of the plate lighter scrap is charged. 
This can consist of lathe turnings (providing 
they are short and not bunchy) or any other 
small pieces of scrap which are clean and which 
will not offer too much resistance to a current 
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passing through. In war time the selection of 
proper scrap is frequently difficult because of 
official restrictions. Often times material which 
is dirty or high in sulphur (screw machine scrap 
or parts or oily turnings) must be handled, and 
the sulphur later taken care of by refining and 
slagging. If an unusual amount of oily turnings 
must be handled it is well to cover the bottom 
with a thin layer (and most of the sulphur will 
burn off) and place the rest of it around the 
banks at the very last. 

However the above general principles should 
rule in the placement of such material as the 
management is able to secure. 

On top of this third layer and to the sides 
of the furnace is then charged the remainder of 
the available gates and other returns which could 
not be used as bottom scrap, due chiefly to their 
irregular size and shape. No heavy pieces should 
be put on top, for when the charge melts down 
they are liable to fall in against an electrode and 
break it. In any event the “return scrap” — that 
is, the trimmings and small return castings 
should be placed on the bottom or near the out- 
side wall of the furnace, never under the elec- 
trodes, since return scrap offers a greater 
resistance to the current arcing from the electrode. 

The operator can 
judge as to the excellence 
of his own work in plac- 
ing the charge if he will 
remember that the fur- 
nace should be filled two- 
thirds to three-quarters 
the way to the roof when 
the rated capacity is 
inside. Chute charging, 
with the furnace tilted, 


Making Contact 


Now let us see what happens as a charg 
melts down, and the reasons for charging th 
furnace in this manner will become apparent 

The electric current, which is the source , 
heat required for melting, travels down through 
the electrodes, and arcs to the scrap underneath 
The current which has arced from one electro 
to the scrap must then pass through the chare 
over to another electrode and thence out, back | 
the power source. The are across the air fron 
the electrode to the metal produces an intens 
heat and it is this which melts the steel. |t js 
evident that current must be able to tray 
through the charge from electrode to electros 
as is diagrammed in Fig. 1. Since there must } 
some layers of scrap in the furnace that ea 
conduct electricity, the scrap in these layers 
must be fairly clean. It must also be of size and 
shape so that it will pack tightly enough to carn 
the current from piece to piece — in other words 
that there be no big gaps across which the cur 
rent must again arc. 

Let us assume that in starting up the furnac 
one of the electrodes failed to make conta 
(The operator knows this by looking at th 
ammeter dial, whic! 
would show the passag 
of very little current 
that electrode; 
cable supporting the el 
trode will start to unwu 
allowing the electrode | 
set down on the scraj 
When that happens 
the electrodes must } 
raised up off of the sera| 


also th 


tends to put too much 


and contact mus! 


established through t 


heavy stuff to the back. 
It will be labor well spent 
to hook the big pieces 
around until they are in 
the right spot; it is easier 
to handle them at the 
very start than to try to 
pry them loose when the charge is half melted. 

Loose charges will tend to increase the power 
consumption, electrode consumption and melting 
time — all of them costly items. Proper charging 
also shields roof and side walls from excess heat 
reflected from the are, and therefore reduces the 
cost and labor of patching, repairs, and relining. 

If the furnace has a swing roof and the 
charge is put in by drop-bottom bucket, the 
bucket should, of course, be loaded with an eye 
on the above principles. 


Fig. 1— Diagram to Emphasize Fact That the 
Electric Current Must Pass From Electrode to 
Electrode Through the 
necessary, for rapid melting of the charge from 
the bottom up, to have a layer of plate or 
other closely packed charge near the hearth 
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scrap in one of seve! 
ways. Sometimes a 
or two of scale, or cos 
or very small pieces 
steel such as fiae lal! 
turnings thrown into t! 
furnace on the scrap in between the electrode 
and under the electrode which failed to ™ 
contact, will help complete the circuit and ‘! 
the current through. 

If this does not overcome the difficult) 
bar should be placed in the furnace run’ ng 
from below the electrode that did not make c 
tact to one that did. This bar should then be 
covered slightly with some fine scrap. This * 
generally overcome the difficulty as th's bar ” 
continuous conductor and offers a ready P 
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or the electricity to pass from one electrode to 
he other; it will get very hot and melt before 
g, but by that time the current will usually 
found another satisfactory path. If the 
hroper scrap is not available or the scrap is very 
jirty and of irregular shape so that it will not fit 
ompactly, it is sometimes good practice to place 
everal of these bars between the second and 
hird layer of scrap, to provide a ready path for 


he current. 

Sometimes one electrode will have melted 
jown more rapidly than the others and formed 
, large hole through the charge to the returns or 
heads on the bottom of the furnace. It will then 
‘fail to make contact” —-the are will snuff out. 


Electrodes 


4 


good conductor of electricity. When a furnace 
is run only on one shift however, it will cool off 
over night and give some trouble the next morn- 
ing. This may be helped by charging the furnace 
the last thing, at the end of the shift, turning on 
the current and letting it run for about 5 min. 
This will melt and stick together many points 
of contact in the charge and make it easier for 
the furnace to make contact the next morning 
when the hearth is cold. 


Pulling Bottom 


At the beginning of a heat the electrodes will 
melt their way down through the charge; that is, 
they will melt a hole slightly 

larger than their diameter, 

down through the scrap. By 

the time they have melted 


Silica Brick 
water-Cooled g Water-Cooled their way down to the hearth 
> ~held \ = | = in — Root Ring of the furnace, they must have 
J\ melted enough of the scrap to 
“| Bil | | vA Silica Brick have formed a pool of molten 


metal in the flat bowl that is 
the bottom of the furnace, and 


Clay Taphole Tile 
this pool should be big enough 


Brick 


Fig. 2 


the return scrap, since it is seldom cleaned of 
molding sand, offers greater resistance to current 
assing through.) The electrodes should then be 
raised, clean scrap put into the holes which the 
electrodes have melted, and the furnace started 
p again. This may have to be done several 
‘Imes until enough steel has been melted down 
pon the heads to make a pool and form a good 
ith for the current. 

In selecting scrap to be charged into a fur- 
ice, must be taken therefore to have 
nough scrap which is free from dirt and is of 
‘ize and shape so that it will pack compactly 
hough in at least three mounds, one under each 
ctrode, so that current can pass through it. 
' the Proper scrap is available and correctly used 
ry little trouble will be encountered with elec- 
“les failing to make contact. Likewise there 
’ Very little trouble in making contact when a 

ted 's in continuous operation, since the 
‘arth is kept hot and a hot hearth is a fairly 


care 


Line Drawing of Acid Electric Furnace, a Vertical Sec- 
ion on Center Line, Showing the Nature of the Refractory and 
Brick Lining (Courtesy American Society for Testing Materials) 
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so the edges are out under- 
neath the electrodes. Other- 
wise the are will not flow into 
any metal but break on the 
sand or hearth of the furnace. 
Since the conductivity of a 
its 


Fire Clay Brick 


non-metal increases with 
temperature, the hearth of a 
furnace is a fairly good con- 
ductor of electricity if it is hot, 
but an electrode arcing to the hearth will melt 
and bore a hole down into it. If this condition 
should be suspected it can always be known by 
watching the smoke coming out around the top 
of the furnace doors and the electrode ports. 
When the arc is breaking on metal the smoke will 
be a dirty brown; when the arc is breaking to the 
hearth a white smoke will appear. 

This is the first sign that the electrodes are 
“pulling bottom”, as it is called. It is not neces- 
sarily a sign of immediate danger since whitish 
smoke may be from the melting of sand-covered 
return scrap which is on the bottom of the fur- 
nace; likewise, scrap which is high in silicon 
and manganese will always give off a white 
smoke when it is melting. 

However, if bright yellow flames shold come 
out around the doors around the electrode 
ports, it is a positive indication that the electrodes 
Electrodes should then be 
and clean scrap 


or 


are pulling bottom. 
up 


raised out of the charge 


nt 
th 
| | 
‘inn 
¢ 
| | 
— | forepiate | \line 
Z | Hearth S 
\s : 7 
Ground Garuster Mix — 


thrown into the holes that have been bored down 
through the charge. This may have to be repeated 
until enough metal has been added and melted to 
form a pool extending out under the electrodes 
so that they will are to the pool and not to the 
hearth of the furnace. This makes it clear why 
the hearth should be relatively flat; there are 
other reasons for a shallow bath, but a deep hole 
or cup in the center of the hearth will give con- 
tinual trouble with pulling bottom until it is 
filled and patched. 

If enough heavy scrap is used and it is 
packed compactly enough on the bottom of the 
furnace, there is very lit- 
tle danger of pulling 


Bridging is usually caused by allowing , 
electrode to pull bottom. If this is the reas 
there will be an excess of slag on the metal aft, 
it has all been melted. This slag will be thie 
(sticky) and the electrodes will have difficul; 
arcing through it. Enough ore should be adde 
to thin out this slag — that is, make it less yis. 
cous, more liquid. When it is thin enough th 
furnace should be tipped over enough to allo 
this excess slag to run out the tap door. 

If this slag is not removed, the carbon cop. 
tent of the heat is very likely to rise as the heat 
progresses. The electrodes will have such diff- 


bottom. However, if the vice: 
furnace is not charged The | 
properly and there is not Cant 
enough heavy scrap put 
under any one of the elec- 
trodes, there is danger of 
the electrodes burning a 
hole in the hearth of the 
furnace. Sometimes there HI 
is no heavy scrap in the ol 
stock yard. been 
R. 
Scrap Bridging criti 
Obje: 
Sometimes, when the of e 
heat is far enough along shap 
for a pool of metal to | 
have been formed on the shap 
bottom of the furnace, One 
the furnace man will sectic 
notice that the upper abou! 
layers of scrap are not eter 
falling in; that is, there repre 
will be a pool of metal on stres: 
the bottom of the furnace seldo 
but most of the charge Fig. 3 — View of Large Electric Furnace With Swinging Roof se !' mach 
will have stuck together Can Be Top-Charged From Bottom-Dump Buckets. Roof swung whic] 
to form a bridge over the aside for trick photograph showing hot side walls and slag —_ sccen 
pool. This is a very seri- ered steel on the hearth. Courtesy Allegheny Ludlum Steel Corp canes 
ous condition. radiu 
There are two ways to get rid of this bridge. — culty in arcing to the pool that sometimes their pract 
The first would be to thrust bars through the ends will dip down into the slag. If this happe" 
furnace doors and try to break loose the scrap the carbon from the electrodes will be dissolve 
which is stuck together on top, so it will fall into by the slag and later enter the metal bath. nition 
the pool. In extreme cases this can’t be done. Bridging can also occur if the heavy sera 
There is only one thing to do then and that is to on the bottom is not packed closely enough. _ R 
add more metal so it can melt into the pool until some types of scrap will bridge more readl) 
its level is high enough to melt down the scrap than others; for example, plates are ‘e') "a es 
which has bridged on top. This also takes a lot ceptible to bridging. Also, long pieces of — " 
of time and labor to put in a lot of metal, by placed in the second or third layer of set? " : 
hand, at the right places, melt it, put in more hinder the uppermost scrap from falling ™ \ 
— 


metal, and so on. 
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Endurance of NE Steels 


in 14-In. Specimens 


By O. J. Horger 


, charge of Railway Engineering & Research 
and T. V. Buckwalter 


Vice-President 
The Timken Roller Bearing Co. 
Canton, Ohio 


of stress concentration represented by such a 
sharp notch it is admittedly poor design. 
Between these two specimen shapes is a 
HE LIMITED DATA on the fatigue resistance region which simulates good design practice and 
of the National Emergency (NE) Steels has it is in this region that a knowledge of the fatigue 
been obtained from tests of the conventional resistance is of most value in the selection of 
R. R. Moore rotating beam specimen with a steels and heat treatments. The question always 
critical test section about -in. diameter. arises as to how the fatigue values obtained from 
Objection to such data is not confined to the size such small and arbitrarily shaped specimens 
of cross-section but also to the 
shape of the specimen. 
It is customary to use two 
shapes of such small specimens. STEEL | MN Se Se Cr Ni 


One has a longitudinal cross- err - . - 
. A.E. 4340 0. | 0.0 0.0 0.75 .75 

NE8744 0.43 0.016 0.025 6.51 | 0.54 

about 20 to 40 times the diam- NE8949 | 0.46 | 0.014 | 0.017 0.36 | 0.57 


eter of the specimen, a shape NE9445 | 0.44 | 0.017 | 0.020 0.33 0.52 
representing a condition of no 
stress concentration which is 
seldom obtained in actual design members or may be applied to design members which are 
machine parts and therefore gives fatigue values generally of much larger cross-section, This 
which are “ideal” in that they are too high. The problem has occurred with great frequency in 
second specimen shape is often one having a the last few years because of the use of NE steels. 
circumferential V-notch with a relatively small In order to obtain some information bearing 
radius at the bottom of the notch, and while some on this problem, fatigue tests were made on 
practical conditions may approach the severity 1%4-in. diameter specimens from four different 


Table I— Chemical Analysis of Steels Investigated 


Table Il — Physical Properties of the Steels in the Endurance Specimens 


TENSILE TESTS GRAIN 
Izop 
ELoNGA- |RepucTion IMPAcT 
TION | OF AREA | 


OXIDATION 
GRAIN SIZE 
Hovt-ROLLED | NORMALIZED! (1550° F.) 


| 
YIELD ULTIMATE 
S.A.E 1340 132,000 144,900 | 17 58.1 57-58-58 8 
NE 8744 119,100 137,300 | 17 58 30-30-30 7to8 
136,200 150,500 16 «(58 53-54-54 6 to 8 
NES445 | 102,700 | 122,800 | 21 59.5 53-54-54 | 8 
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Fig. 1 — Jominy Hardenability 


7 Curves for Steel Bars Whose 
+— SAE 4540 Endurance Was Investigated 
NE 8744 NE 8949~ | | samples from each heat. Aj 
| | heats were found to be of satis. 
40 | } | factory quality, having a rating 
> | of “fairly good” to “fair” 
kS 30 | | | | | | were obtained on all materials ip 

0 4 8 16 20 o4 32 both the hot-rolled ‘and normal: 

Distance in 716 In. ized conditions. Oxidation grain 
size results are also given in Table II. Jominy 

steels. Chemical analyses of the three NE steels hardenability tests are shown in Fig. 1. 
selected in comparison with S.A.E.4340 are shown All specimens were quenched and tempered 
in Table I. Specimens tested, representative of to the same hardness, Brinell 302 or Rockwell 
the steel investigated, were taken from single C-31. Physical properties obtained on %-in 
heats of the four steels. The NE8744 and NE8949 tensile specimens machined from the outside oi 
were openhearth heats while the NE9445 and the large end of fatigue specimens are also given 
S.A.E.4340 were electric furnace heats. All heats in Table II. The fatigue specimens were rough 
were cast in 21l-in. diameter fluted ingots in machined to shape, allowing ;; in. on a side for 
inverted, hot-top molds; ingots weighed about machining after heat treating. All four steels 
6000 Ib. Specimens were taken from 2%;-in. were oil quenched from 1500° F. into a full oil 
rounds rolled from these ingots. spray with an oil temperature of 72 to 90° F. and 

A non-metallic rating was made on four then tempered for 4 hr. at temperatures shown 


Fig. 2— Microstructure of Fatigue Test quenched from 1500° F. into a full oil spray 
Specimens Taken Near Their Surface, at and tempered for 4 hr. to give equivalent 
1000 Diameters. All samples were oil hardness, 302 Brinell or Rockwell C-31 


NE8744, Tempered at 1025” F. 
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NE8949, Tempered at 1075° F. NE9445, Tempered 
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S.A.E. 4340, Tempered at 1100° F. 
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in the micrographs, Fig. 2. 

Two general shapes of 
specimens were tested. 
One shape incorporated a 
fillet at the test section; 
four different fillet radii 
were investigated, 3%, 
, and 9% in., as shown 
in Fig. 3. The second 
shape has a circumferen- 
tial circular notch; four 
lifferent notch radii of the 
same magnitude as_ the 
fillet radii were investi- 
gated, as shown in Fig. 4. 
{ll specimens were tested 
is rotating cantilever 
beams at a speed of 1400 
to 2200 rpm. 


Lnourance Limit in 


1 0428 S685 
D-2%6" 
| 4 72000 
60 55,000 
NE 
= 62500 
50 WE 9445 
8744 
40 
Variable Fillets Vartable Notches 
O Ys2" 34" 10°O 3/32" 34° 
Fillet Radius R Notch Readius RF’ 


Fig. 3 and 4— Fatigue Strength of Round Cantilever Beams of 
Four Important Steels, as Affected by Fillet Radii and Notch Radii 


Table Ill — Fatigue Strength Values of Four Steels 
with Different Shapes, Based on 30,000,000 Revolutions 


SHAPE OF SPECIMEN (a) FATIGUE STRENGTH IN Pst. 
R, IN. TYPE S.A.E.4340 | NE8744 NE8949 
9% Plain 72,000 72,000 65,000 
% Fillet 65,000 60,000 61,000 
Notch 61,000 50,000 54,000 
Fillet 59,000 40,000 50,000 
Notch 55,000 43,000 47,000 
Fillet 40,000 32,000 36,000 
Notch 42,000 32,000 40,000 


NE 9445 


67,500 
53,000 
51,000 
415,000 
41,000 
32.000 
32,000 


ent grades of alumina. 
The endurance limit 


the 


ind designer. 


legree of stress 


OMPrise 


Various 


concentr 
lesign: in any case, the curves in Fig. 3 and 4 
a better determination of the fatigue 
haracteristies of the different steels (under the 
onditions of geometry which are usually 


(a) Shape of specimens shown in Fig. 3 and 4. 


values for 
Steels and both fillet and notch conditions are 
given in Table III on the basis of 30,000,000 revo- 
lutions, instead of the usual 10,000,000. 
‘aligue values are also plotted in Fig. 3 and 4. 

Fatigue values shown in Fig. 3 and 4 in the 
wotched range of ,3, to %4-in. radius represent 
region of most interest to the metallurgist 
Many design members should fall 
vithin this zone, since they have stress concen- 
tations comparable to these fatigue specimens. 
me should know, but seldom does, the exact 


ation 


S.A.E. 4340 


Profilometer readings made on these speci- 
mens showed 5 to 20 micro-inch surface finish. 
\ll specimens were polished circumferentially 
ising a rotating canvas wheel loaded with differ- 


the four 


These 


present in any 


steels. 


October, 1944; Page 729 


NE8949 
NE8744 
NE9445 


found in good design practice) 
than is contained in the endur- 
ance figures for small smooth 
specimens. 

These four steels with the 
different degrees of stress con- 
as represented by 
different fillets and 


centration 
the three 


notches may be rated over this 
region of geometry as follows, 
on the basis of these tests and 
from the standpoint of fatigue 
endurance limit: 


100% in all conditions of geometry 
94% maximum to 85% minimum 
92% maximum to 68% minimum 
85° maximum to 75% minimum 


Little emphasis is placed on the endurance 
limit values of the plain specimens having the 


case are believed to be on the low side 
larly for S.A.E.4340 and NE8949. 
nal polish instead of the circumferential polish 
were used it is believed that the endurance limits 
of these two steels in plain specimens would be 
increased by 10 to 15%. 
“ideal” value for NE8744 may be increased about 
5% over that listed for the plain specimens, but 
little change would be suggested for the NE9445. 
This estimate is based on the scatter of results 
obtained in the individual fatigue tests of these 
Specimens having a 


97.-in. radius, for the reasons mentioned before. 
In fact the values given here for this extreme 


particu- 
If a longitudi- 


On this same basis the 


to *4-in. radius 


would probably be improved by a longitudinal 
polish not more than 5% of the values given in 
Table II. 
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“‘Interrupted’’ Quenching 


in Salt Baths 


By Arnold P. Seasholtz 
Metallurgical Engineer 
E. F. Houghton & Co. 
Philadelphia 


5. Parts that can be finish- 
machined and then heat treated 
for high physicals, meanwhile hold- 


The interrupted quench has been used in various ing the parts to close dimensional 
tolerances. 

modifications for a number of years to reduce Steel is mot the big bull in th 
cracking and internal stresses. The practice for- woods which shows no signs of abus 
Instead it is temperamental; if 
merly consisted of a timed quench for a short period treated correctly, it may reflect this 
in an intense medium followed by transfer to another lack of care in the form of erachs 
| , li he ti ] h which will cause it to break dow 

furnace, or by air cooling from the timec quench, 


which completes the transformation at a very much properly treated, it can be an abl 
l : servant of industry. 
slower and more uniform rate. Martempering, 
dustempering”’ and “Isothermal Quenching” are the properties of steel considerabl 
lied . hi by heating and cooling it under cer 
names applied to controlled interrupted quenching tk 
in hot baths. The quenching speed of molten salt— reproduced. When heating or cooling 
h h d steels of varying carbon and _ allo) 
now used for the purpose —has been underesti- 
mated, as only recently has the true value of salt changes in dimensions and in mich 
bath hi 1 ft k structure take place at the critica 
temperatures. To be fully acquaintec 


with these changes, it may be lime!) 
to review briefly what occurs whe! 


EW STEELS can offer full value to engineers a piece of steel is heated. 
today unless given suitable thermal treatment. Before we are able to determine the prop’ 
These treatments include softening for deep heat treating procedure to obtain the most des! 
drawing or good machinability, producing high able properties for any particular steel, the heat- 
tensile properties with good fatigue or impact ing cycle, cooling cycle, and the element of tim 
values, or high hardness so that the steel thus at one or more temperatures must be taken 1" 
treated may be used in machining other steels. | consideration. “Heating cycle” includes not 0" 
Engineers are now demanding parts to be the raising of the temperature but the stay “ 
heat treated for high temperature. This first step in martempe” 
1. Higher desired physicals. ing and austempering— indeed in any 
2. Minimum of dimensional changes, dis- “quench” — is to heat the material to some ‘"" 
or warpage. perature either in or above the critical or 


3. Minimum of residual strains to increase 


formation range in order to transform alpha 


fatigue life and impact value. :stenil 
4. A heat treating technique that produces gamma iron and put the steel in the 
parts free of scale, surface decarburization or condition. Carbon and other alloying “'e! b 


n ol 


carburization, will thus be dissolved in a solid soluti 
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gamma iron, to form homogeneous austenite, 
given time and temperature enough. This solu- 
tion of elements may be either complete or par- 
tial, depending on the time-temperature cycle. 
Complete diffusion into a truly homogeneous 
gustenite is a time consuming process. 

During this heating cycle there are definite 
dimensional and microstructural changes taking 
place at the so-called critical temperature. As 
steel is heated, a steady thermal expansion takes 
place as the temperature increases until the 
critical is reached, whereupon a contraction in 
volume accompanies the heat-absorbing trans- 
formation as the metal passes through the critical 
Differences in the speed at which tem- 

rises or austenizing temperature is 
reached —as between thick and thin sections of 
parts of variable cross-section — cause distortion, 
warpage and differences in austenitic grain size. 
However, the rate of heating is not as important 
as obtaining a uniform austenizing temperature, 
and determining and holding the proper maxi- 
mum temperature for the proper period of time. 


range. 


perat ure 


High Temperature Soak 


Time requirements for diffusion to obtain 
homogeneous austenite vary somewhat, depend- 
ing upon the chemical composition. Elements 
diffuse at different rates. Many alloy steels are 
“sluggish” and require a longer soaking time at 
the austenizing temperature; often the tempera- 
ture may be raised to accelerate diffusion without 
undue coarsening of the grain. 

The actual heating temperature should be 
somewhat above A, ., the upper critical tem- 


perature, to assure homogeneous austenite. 
When heated too long after complete solution 
occurs, an increase in the austenitic grain may 
result. Some steels coarsen much more rapidly 
than others. A higher temperature than neces- 
sary has the same coarsening effect, although 
with “fine grain steels” (which are really steels 
that start to coarsen at relatively high tempera- 
tures) this is less dangerous than too low a 
temperature. Complete austenizing may not 
be desirable in hypereutectoid steels, but the 
pearlite Should always be transformed into aus- 
lenite as homogeneous as possible. When in 
doubt of the correct temperature, the metallur- 
sist lacking experimental equipment can consult 
several reference books, Metal Progress Data 
Sheet No. 21, or request this information from 
the source of his material. 

iilorm austenite places the steel in proper 
a respond to cooling. It is now ready 
0 quench, 
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To gain an understanding of what occurs 
when steel is cooled and the effect of different 
cooling rates, it is necessary to know the time 
required for decomposition of austenite at various 
temperatures, and what the resulting micro- 
constituents will be. This can best be sum- 
marized by the S-curve (often referred to as the 
time-temperature-transformation or “TTT- 
Curve”) as originally developed by Davenport 
and Bain and described in their important paper 
entitled “Transformation of Austenite at Con- 
stant Subcritical Temperatures” in Transactions 
of the Iron & Steel Division, A.1.M.E. in 1930. 
Their S-curve for plain carbon, eutectoid steel is 
reproduced in the data sheet on page 840. 

The horizontal ordinate represents time 
expressed on a logarithmic scale. This scale is 
used for convenience because the range of time 
at the several constant temperatures is very large. 
The vertical ordinate represents the temperature 
at which the transformation is taking place. The 
pair of S-curves (so-called because of their fan- 
cied shape) locate the temperature and time 
interval required for the beginning (left curve) 
and the completion (right curve) of the trans- 
formation at constant temperature. 

In other words and purely for example, if 
such a eutectoid steel were to be cooled quickly 

almost instantly some temperature 
above the critical to, say, 950° F., the austenite 
would start to transform within 1 sec. and would 
be completely transformed in about 9 sec. (the 
intersections of the 950° horizontal with the left 
and right curves respectively). Likewise if the 
steel were to be quickly cooled past this “nose” 
of the S-curve down to 500° F., transformation 
would not even start until about 4 min. had 
elapsed and would not be completed for an hour. 

As shown by the micros at the respective 
positions in this data sheet, the structure above 
the Ae, temperature and to the left of the left 
curve is austenite. The micrographs also show 
the structure resulting from partial or complete 
transformation at various constant temperatures. 

The curve shows that transformation is not 
instantaneous at any temperature. It predicts 
the time required at any constant temperature 
for transformation to begin and be completed. 
However there are two temperature ranges where 
transformation takes place very fast in this plain 
carbon steel; one is the vicinity of 1050° F. and 
another at about room temperature. 

Depending on the time and temperature at 
which austenite decomposes, the ultimate struc- 
ture results in three different reaction products: 

1. If the transformation takes place in the 
higher temperature range above the nose of the 


| 


S-curve (about 1050° F.) the product is lamellar 
pearlite. The closer the temperature at which 
transformation occurs is to 1050° F. the finer 
and harder will be this pearlitic structure, until 
at and slightly below the nose of the S-curve the 
structure is a very fine lamellar pearlite (often 
called “primary troostite”), and usually occurs in 
the microstructure as roundish, rapidly etching 
spots warranting the name of “nodular pearlite”. 

2. In the intermediate transformation 
range, say from 900 down to 500° F., if the 
method of quenching causes transformation to 
take place between the temperature of the nose 


A steble 


Ae, 


Ar 
Range 
100 %? 
M 
Log. Time 


Fig. 1— Modified S-Curve to Diagram the Trans- 
formation of Austenite Into Martensite, According to 
Cohen, Transactions @, September 1940, Page 565 


A = Austenite 

P = Pearlite 

B = Bainite 

M = Martensite or Tempered Martensite 


of the S-curve and the temperature at which 
martensite starts forming (the M, point, so 
called) austenite decomposes to an acicular struc- 
ture called “bainite” (named after Dr. Bain). 
The lower the temperature at which transforma- 
tion takes place, the more acicular, finer and 
harder is this structure. 


“Austempering”, as 
specified in U. S. Patent 1,924,099 to Davenport, 
Roff and Bain, is a controlled time quench which 
brings the hot steel quickly into this intermediate 
temperature range and holds it at constant tem- 
perature for the correct time. 

3. Contrary to former belief, austenite 
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a temperature range rather than being a “trigger. 
type” reaction going rapidly to completion, ong 
it is started. For convenience this martensite 
transformation range has been called the Ar 
range; the temperature at which martensit 
starts forming is termed the Mg point, and the 
point at which transformation is finished is the 
M, point. Morris Cohen has devised a schemati 
S-curve which well serves to present these facts 
about martensite formation. See Fig. 1. 

Carpenter and Robertson’s work in England 
contained in their two volumes entitled “Metals” 
has shown that austenite undoubtedly trans- 
forms to martensite as the temperature drops 
through a range which is characteristic fo 
most of the commercial carbon and alloy heat 
treated structural steels. When the steel js 
quenched by exceeding the critical cooling rate 

that is to say, at such a speed that no austenit 
has time to transform between 1150 and 850° F. 
the region of the nose of the S-curve — trans 
formation of austenite is suppressed until the ¥, 
point is reached; formation of martensite then 
starts and continues as cooling progresses. When 
the M, point is reached, the austenite is prae- 
tically completely transformed to martensite. (In 
some toolsteels and in high alloy steels a certain 
amount of austenite is retained untransformed 
after the quench.) 

If in the process of quenching the cooling ) 
interrupted at some temperature within the mar 
tensitic transformation range, then transforma 
tion stops. If a constant temperature is held 
isothermal transformation will start after some 
little time and progress slowly, but the time 
required for complete transformation would tak 
too long for this scheme to be of any practica 
use in commercial heat treating. If, after inter- 
rupting such a quench, cooling is then continued 
austenite will again continue to transform | 
martensite until substantially completed. 

A paper presented on “Kinetics of the Aus 
tenite to Martensite Transformation in Steel” )) 
Greninger and Troiano before the @ (see Tran 
actions, September 1940, page 537) confirms 
Carpenter and Robertson’s work. In the conel 
sions of their paper they state: 

“1. Martensite will begin to form as Soo! 
as the specimen temperature reaches the uppe' 
limit of its martensitic range. 

“2. Martensite will continue to form as the 
cooling proceeds. 

“3. A slight amount of martensite |! 
formed after the specimen has attained te™ 
perature equilibrium. This is a minor effec! 
however, in comparison with the martensit 
formed during cooling.” 
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Louis Carapella (Metal Progress, July 1944, 
page 108) has devised this formula to determine 
the M, point of a steel from its chemical analysis: 

M, = 925° F. x fo X fn fi 
wherein the factors for the various elements are 
computed as follows: 


eee 


fe — 1 — 0.620% carbon 

fun — 1 — 0.092% manganese 

f si 1 — 0.033% silicon 

fxi — 1 — 0.045% nickel 

fer — 1 — 0.070% chromium 
fo — 1 — 0.029% molybdenum 
fw — 1 — 0.013% tungsten 

foo — 1 + 0.120% cobalt 


This shows that the carbon has by far the 
greatest effect in depressing the Mg, point; man- 
ganese, chromium and nickel are less effective, 
and silicon, molybdenum and tungsten the least 


effective. 

Knowledge about the position of Mx, is most 
essential in determining temperatures for the 
interrupted quench. Very little work has been 
contributed whereby we might determine the M, 
where transformation is 


point, 


formation during continuous cooling and isother- 
mal transformation have a definite relation which 
‘an be evaluated. If transformation curves for 
continuous cooling and constant temperature be 
superimposed, the curves representing beginning 
and end of transformation during continuous 
cooling in commercial quenches will be somewhat 
below and to the right of the constant tempera- 
ture or isothermal curve. Since it has been deter- 
mined that there is a definite relationship between 
the two types of cooling, the isothermal diagrams, 
47 of which are available in U. S. Steel Corp.'s 
“Atlas of Isothermal Transformation Diagrams”, 
‘an be used with a reasonable degree of accuracy 
to predict the time-temperature and the resulling 
product. Liedholm has presented a method 
whereby a continuous cooling transformation 
diagram can be constructed from a series of 
Jominy end-quench test bars, and such diagrams 
for S.A.E.6135, 4330 and NE8630 appear in data 
sheets in Metal Progress for January, June and 
September 1944 respectively. 


« 


has been found by Grange and 


on the Basis of 


Transf rmation at Constant 
Temperature”, Transactions 
8. March 1941) that trans- 


Kiefer (“Transfor mation of Holding Constant. 
Contin uous commercial quenching, i 
“oiling and Its Relation to 


for the first stages. 
pletion of the transformations to occur at slightly lower temperatures 
and considerably longer times 
microstructures are noted in the line at the bottom of the sketch 
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cial steels it is above room tem- | Astenitizing Jernpe | | | 
| 
perature; however, there are a | | Hl | | | | | ||| 1 600 
number of high alloy steels, 00 (Aes 
such as carburized A.1.S.1.3300 
series and high speed toolsteels, 
in which the M, point is lower 
than atmosphere temperatures. 
In such steels which retain 
some austenite on reaching 1000 | 
room temperature, the principle 
| 
that “transformation takes | | h \ 
place through a temperature § 600 400 
range” still applies; in order 5 a Mr 
to obtain complete transfor- 
mation to martensite they may ~ 300 
be cooled to some sub-zero 
5 
emperature. \ 
Steels cooled bv the usual 400 tit ++4++ 1 +HH+ tH 2 
‘Isothermal Di \ 00 
quench in oil or water are | —- Cooling Curve ram Ae, \ 
‘formed during the cool 200 === Derwed Cooing Degron 100 
ing. They do not transform Mortensite 
oryy 
it the same rate and time, Martensite—r-a— Mertensite, fermite,__ 
surface to | | 
center, as occurs 
Yhen holding at a constant 
5 1 10? 40s 10? 10 16 
emperature, thus permitting Time, & 
Fig. 2—-S-Curves (as Shown in Light Lines for S.A.£.4340) Are 


Instantaneous Cooling to a Certain Temperature and 
Actual cooling of sub-surface regions, during 
is at a more or less uniform rate —at least 
This causes the actual commencement and com- 


(Grange and Kiefer.) Ultimate 


Figure 2 is Grange and Kiefer’s diagram 
showing the beginning and completion of trans- 
formation for S.A.E.4340, which reveals the above 
mentioned relationship between transformation 
during constant cooling, and isothermally. 

The interpretation of the various cooling 
rates in regard to time-temperature and the 
resulting products can be illustrated by the sche- 
matic Fig. 3, taken from Grossmann’s book 
“Principles of Heat Treatment”, 3rd_ Edition, 
page 135. The thermal history of a steel cooled 
at a very slow rate, as in annealing, is indicated 
by curve B. When the steel reaches the tempera- 
ture at B,, transformation to pearlite begins, and 
as cooling proceeds, transformation continues. 
When the temperature reaches B,, the trans- 
formation is completed. The pearlite first formed 
at the upper temperature B, will be coarser and 
softer than that formed at temperature B,. The 
hump part of the cooling curve shows that a 
certain amount of heat is liberated, due to the 
transformation of austenite into pearlite. 

A more rapid rate of cooling, as in normaliz- 
ing, or air cooling, is indicated by curve C. The 
eteel transforms into pearlite similarly to that in 
curve B, but the pearlite which is formed at C, 
will be finer and somewhat harder, and the 
pearlite formed at C, will be still finer and harder. 

With a still faster rate of cooling as in water, 
indicated by curve D, the start of the austenite 
transformation is suppressed even further, and a 
slight heat evolution is noticed in a precise cool- 
ing curve at about 1050° F. At this point some 
of the austenite transforms into nodular pearlite, 
often termed primary troostite. The remaining 
austenite is prevented from transforming until 
the temperature falls to the Mg, point or Ds, when 
martensite begins to form in a process which is 
completed at the MV, point or at about room tem- 
perature. The resulting microstructure will be 
a mixture of fine pearlite and martensite. The 
product from cooling curve E will be somewhat 
similar to that from curve D, except that more 
martensite and less pearlite is formed. 

With an accelerated cooling curve G, as in 
iced brine, which exceeds the critical cooling rate, 
no austenite will transform into pearlite; trans- 
formation will begin at the M, point and be com- 
pleted at the M, point G,. This results in the 
formation of a fully martensitic structure and 
maximum hardness. 

As pointed out above, there is a minimum 
rate of cooling at which maximum hardness in 
any given steel can be attained. This rate of 
cooling just skirts the nose of the S-curve, and 
is termed the critical cooling rate. The critical 
cooling rate of carbon steels is known to vary 
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with the chemical composition, grain size, and 
the details of manufacture such as method of 
deoxidation. Increase of carbon content from 
0.20 to 0.83% lowers the critical cooling rate 
that is to say, the low carbon steel must by 
quenched much more drastically than the high 
carbon steel if the maximum hardness is achieved 
of which it is capable. With increase in carbo 
content above 0.83°, the critical rate increase 
slightly. 

Addition of alloying metals greatly affects 
the critical cooling rate of the steel (some, suc 
as vanadium, have very little effect). Nickel 
manganese, molybdenum and chromium lower 
the speed of cooling required for full hardening 
Figure 4 shows the comparative initial trans. 
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Fig. 3—-Cooling Curves for Various Opera 
tions From Furnace Anneal to Iced Brin 
Quench Are Shown in Relation to Those Por- 
tions of the S-Curve That Locate the Formation 
of Pearlite and Martensite (After Grossmann 
Lower ends of curves D, E and F are changed 


formation temperatures of plain carbon 0.9! 

S.A.E.5140 (chromium) and 4140 (chrcmiuny 
molybdenum) steels. This shows that as alloyins 
elements are added to increase the hardenabilil) 
the position of the S-curve is moved to the right 
lowering the critical cooling rate by widening th 
gap at the nose of the curve. Full hardnes 
requires cooling below the nose of the S-curve 
in less than 1 sec. for the 0.50% carbon stee! 
approximately 2 sec. for S.A.E.5140 steel 
0.90% Cr, and nearly 3 sec. for S.A.E. 1140 ste 
with 1.00% Cr and 0.20% Mo. This well illus 
trates the fact that if the hardenability o! 4 a 
is increased, the position of its S-curve is MO 
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t) the right and the critical 
cooling speed is slower. There 
‘s. therefore, a definite relation 
petween the_position of the 


.Scurve and harden: ability. 


The slow critical-cooling 
rate of alloy steels has many 
advantages, since maximum 
hardness can be obtained with 
a less drastic quench, larger 
pieces may be quenched to 
full hardness, higher fatigue 
and tensile strength and 
greater toughness. 

The influence of the 
cross-section of the part 
being quenched must con- 
tinually be borne in mind 
while considering any heat 
treating process. 
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Varpage and distortion. 
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The microstruc- 
ure produced is in a large meas- 
rate of cooling 
ind it is evident that under any 
given set of conditions large sec- 
slower rate 
Equivalent 
final structures can only be had 
by using a faster quenching medium to neutralize 
the effect of larger sections, or by changing to a 
steel with a slower critical cooling rate. 

The size of section and the severity of the 
juench have an influence in the occurrence of 
he common quench crack and the less familiar 
Figure 5, taken 
cracks 
hurized part quenched cold in water. 
here are at least ten cracks across the one mar- 
Each crack lowers the ductility 
ind fatigue life of the part, resulting in early 
-aused by internal 
ling strains and are often accompanied by 
Martempering, austem- 
pering and the interrupted quenches eliminate 
in heat treating. 


Effects of Quenching Media 


are 
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, The cooling curves of the outside and center 
' similar pieces quenched in water, oil, air and 
and the process of transformation by these 
illustrated 
In each case, the quenching speed exceeds 
we critical cooling rate of the steel being 
making it compulsory for martensite 
The quenching rates are seriously 
fected by a natural law rel: iting to the mass of 
causes the interior portions to 
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M, point. 


temperature; 


at 1000 
in a car- 
Note that 


in 


Fig. 5 
Small Field 
Case. Magnified 


Numerous Microcracks 
in Rapidly Quenched Carburized 
1000 


Fig. 4 —- Comparative Curves 
Locating Start of Transfor- 
mation at Various Tempera- 
tures for a Plain Carbon 
Steel and Two Alloy Steels 


lag behind and cool slower 
than the outside. The faster 
the quenching speed, the 
greater the temperature 
differential between the sur- 
face exposed to the coolant 
and the center. 

With a very rapid 
quench, such as shown by 
the curve for water quench- 
ing, there is a notable tem- 
perature difference between 
the outside and center, 
measured by the distance 
between curves at any time 
ordinate. As illustrated by 
Fig. 1, when the surface of 
the part reaches the M, 
point, transformation of 
austenite begins, and prog- 
resses to completion at the 


It is readily seen that in water quench- 
ing of the part in question the outside is com- 
pletely transformed while there is a large portion 
of the center still austenitic and above the Mg, 
in other words, 
volume of unstable austenite entrapped in a case 
of hard, brittle martensite. 
cools through the martensite transformation 
range, the entrapped austenite transforms. 

This would not be serious but for the fact 
that in the transformation of austenite to mar- 
tensite there is an incr 
internal expansion within a shrunk hard 
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The curves for oil quenching show a slower center as the piece goes through the martensi, 
rate of cooling and a smaller temperature differ- temperature, then further cooling in the atmos 
ence between the outside and center of the piece, phere at a moderate rate so as to set up no grea! 
resulting in greater amount of transformation temperature differential between the outside ang 
and accompanying expansion of the center before center, as the piece goes through the martensit, 
the surface reaches the M, point and forms a transformation range. Formation of martensit; 


case of brittle martensite. 


fore results in a smaller volume increase as there able locations throughout the matrix of softe 
would be less transformation to take place within austenite. An excess of residual strain is avoided 
the part after the transformation is completed by this equalizing process. 


on the surface. 


Steels that harden on such slow cooling as bath should be near the Mx, point; if much beloy 
in still air are used for complicated dies and this temperature, an appreciable quantily of mar- 
sections because they transform (as shown by tensite will form and may defeat the purpose 


the curves in Fig. 6) at 
the same time in all 
parts, and thus have a 
minimum of residual 
strains and possibility of 
quench cracks. When air 
quenched, the tempera- 
ture difference between 
the outside and center is 
quite small and the for- 
mation of martensite will 
occur as the temperature 
drops through the trans- 
formation range at a 
fairly uniform rate 
throughout the matrix of 
austenite. Furthermore 
there is usually a sizable 
amount of retained aus- 
tenite at the end of the 
quench and this relatively 
soft constituent will cush- 
ion or adjust the stresses 
so that a minimum of 
residual internal strains 
result. 


Martempering (as presented by B. F. Shep- the process. This M, point varies with diflere®! 
herd, past-president @, in articles in Iron Age, steels, and can be computed by the formula g'' 
January 28 and February 4, 1943, and which by on page 733, but 400° F. has usually been foun 
its name indicates that the formation of mar- salisfactory for martempering the more tend 
tensite is the prime objective) consists of quench- of the S.A.E. alloy steels and the high carb 
ing the hot steel in a liquid salt bath at an low alloy toolsteels. 
elevated temperature above the Mg, point, holding The operation is quite practical com™ 
in the bath long enough for the part to become cially, as the pieces may be held in the salt fol 
uniform in temperature throughout, then cooling considerable periods after equalizing in tempe™ 
in air, then following with a conventional tem- ture with no effect upon the results. Th: —" 
pering operation if needed. This method of inter- show that austenite does not begin to transfor 
rupted quenching produces martensite with very for a sizable fraction of an hour when held ste 


low residual strains. 


Martempering thus includes the quenching The cooling power of salt at elevatec 
from an austenizing temperature into a salt bath peratures had been previously unde 


that causes excessive residual strains and quench 
cracks, distortion and low ductility. 


Oil quenching there- then occurs at a fairly uniform rate at innumer 


at a temperature near the M, point of the ste 
and holding in that bath long enough for th, 


As noted, the temperature of the quench 


Quenching Jemp 


' Inside_at Much Lower Jempereture When 
Inside at \ J Transformation Starts on Qutsie 
\\ 
Forms Outside That Qutside and inewe G0 
| Through Transformation at the 
f \ \X / Same Time 
= 
7 


Rene or 
During Which 
i martensite Forms\, \ 
Outside 7 ~>=~~ 
Before Started on Insite 
Inside Sterts Before it is Completed on Outwoe 


7ime 


Fig. 6 — Cooling Curves at Surface and Center of a Certain 
Steel Cylinder When Quenched in Water, Oil, Hot Salt and Au 


at a temperature of 400° F. 


tem- 


stimated 
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but agitated salt at 400° F. is now established as 
having a quenching speed approximately as fast 
as the customary oil quench. This conclusion 
could be drawn from some figures published by 
the Germans, Lueg and Pomp, in Stahl und Eisen 
in 1941, p. 266, who measured cooling rates of 
,-in. steel balls quenched from 1475° F. into 
ij] at room temperature and salt baths at various 
temperatures. Cooling speeds at 1000° F. (the 
spproximate nose of the S-curve) are: 

100 to 145° F. per sec. 
175° F. per sec. 
115° F. per sec. 

95° F. per sec. 


Mineral oil at 70° F. 
Rapeseed oil at 70° F. 
Molten salt at 400° F. 
Molten salt at 500° F. 
\gitating the molten salt will bring the cooling 
that of still mineral oil at 
and quite high enough to 
austenitic 


ower up to equal 
oom temperature, 
juench many alloy steels to a 100% 


structure. 

Stated in another way, the quenching speed 
f agitated salt at 400° F. has an “H value” of 
25 to 0.30 (equivalent to still oil) on parts that 
have a machined surface. With materials having 


‘light seale, the quenching speed is somewhat 
ower, approximately H= 0.20, equivalent to 
warm oil (see Metal Progress Data Sheet No. 29). 

Heavier sections can be hardened by the 
urtempering process than can be handled by 
‘ustempering, and with a very minimum of 
‘sidual strains. The quenching speed of the bath 
hould not be overlooked: obviously, the lower 
i¢ temperature of the salt bath, the faster is its 
lenching speed. 

The martempering method has been used 
mmercially to improve the quality and produc- 
not a large number of products. A few exam- 
es are cited below: 

1. Small hand chisels made of carbon 
a and alloy chisels for pneumatic hammers. 
artempering eliminated quench cracks and 
produced greater hardness without spalling of 


the edges 


Fig. 7 — Slotted Cam, Finish Machined and Then 
Martempered to Preserve Dimensional Tolerances 
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2. Alloy gears, to obtain high hardness 
with a minimum of distortion and dimensional 
changes with greater fatigue life. 

3. Spring steels hardened with a minimum 
of distortion. Spring-steel products such as 
springs or knife blades have been martempered 
to high hardness and then tempered to the same 
physicals as austempered parts with better 
“resilience”, in that they take less set in a flex- 
ing test. 

4. Miscellaneous parts which must be fin- 
ished, machined and then heat treated to high 
hardness, requiring a minimum of distortion 
and finished surfaces free from oxidation. 

As an example, the slotted cam shown in 
Fig. 7 was machined from an annealed forging, 
then carburized to a case 0.012 to 0.016 in. deep, 
box cooled, reheated to 1500° F., quenched in salt 
at 400° F., and air cooled. Hardness is Rockwell 
C-60 min. The slot would close in when quenched 
in oil and had to be finish ground to the proper 
contour, requiring 34% to 4 hr. By martempering, 
the contour is held to a minimum of distortion 
within allowable tolerances, and requires only a 
few minutes to buff the wearing surface. 


Austempering 


Austempering is an interrupted 
quench which consists of quenching steel 
in a molten bath -— usually salt — main- 
tained at a constant temperature at some 
point between 400 and 800° F. (usually 
toward the upper level of this range, which 
reduces the time required for transforma- 
tion). The austenite transforms isother- 
mally into bainite or intermediate structure. 
This process is used to attain hardnesses 
of C-48 to 55, along with added desirable 
characteristics of toughness and ductility. 
Commercially it is applied to heat treat 


wire, chisels, small springs, steel safety shoe toes, 
among many other applications which might be 
mentioned. 


The accompanying table (page 738) shows 


the austempered hardness ceilings and suggested 
maximum austemperable size for various carbon 
and alloy steels, as recommended by the Ameri- 
can Steel & Wire Co., a subsidiary of U. S. Steel 
Corp. which owns the patent. 


Isothermal Quenching 


A development in the interrupted quench is 


the “isothermal quench” described by Harold J. 
Babcock of Ajax Electric Co. in Jron Age, Febru- 
ary 3 and 10, 1944. 
process: (a) Heating to austenize, (b) immedi- 
ately quenching in an agitated, heated salt bath 


This method is a three-step 
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Hardness Limits and Commercial Maxima in Size for 


Austempered Parts 


ANALYSIS OF STEEL | | LarcEst Rov 
TYPE OF STEEL | CEILING, | (or Egurvare 
Mn Cr Ni Mo | CScaz | Aam) 
Carbon 0.95 to 1.05 0.30 to 0.50 | 57 to 60 0.148 in. 
Carbon (high Mn) ' 0.95 to 1.05 0.60 to 0.90) | 57 to 60 | 0.187 
Carbon 0.80 to 0.90 0.30 to 0.50 | 55 to 58 0.156 
Carbon (high Mn) 0.80 to 0.90/0.60 to 0.90 55 to 58 0.218 
Carbon 0.60 to 0.70/0.60 to 0.90 | | §2to 55 0.187 
Carbon (high Mn) | 0.60 to 0.70/0.90 to 1.20 | | 53 to 56 0.281 
per 2 Carbon (very high Mn) 0.60 to 0.70) 1.60 to 2.00 53 to 56 0.625 
A Alloy (C-Co) | 0.65 to 0.75) 0.75 to 0.95 | 53 to 56 0.625 
Alloy (C-Cr) 1,00 10.40 to 0.60) 0.40 to 0.60 0.25 57 to 60 0.312 
: Alloy (S.A.E.4150) 0.45 to 0.55] 0.60 to 0.90| 0.80 to 1.10 0.15100.25, 52 0.500 
Alloy (S.A.E. 5365) 0.60 to 0.70]0.50 to 0.80}0.50 to 0.80/ 1.50 to to0.40 54 1.0 or large 


at 450° F. or above and holding at this tempera- 
ture to permit isothermal transformation, (c) 
immersing in a third bath maintained at a higher 
temperature that serves as a draw. This method 
allows isothermal transformation at a low tem- 
perature to produce high hardness, and then 
draws back to the required physical properties. 
In this manner parts of heavier section can be 
heat treated than can be handled in the conven- 
tional austempering method. 

For example, if the latter method should be 
used for heat treating the M-66 fuse made of 
S.A.E.4140, it would require a salt bath at 
approximately 800° F. Tests have shown that 
such a quench does not cool at a sufficient rate 
to get by the nose of the S-curve, and the product 
has a mixed microstructure of low yield strength, 
elongation and reduction of area. On the other 
hand Babcock’s isothermal quenching in an 
agitated low temperature salt corrects these 
defects. This procedure is being used on shell 
component parts, aircraft engine parts and 
machine gun parts, to cite a few examples. 

Specifically, the successful heat treatment of 
the M-66 fuses (handled in loads, 24 to a rack) 
consists of the following four steps: 

1. Preheating in a gas fired furnace which 
burns off oil from the machined parts and saves 
time in the first bath. 


Fig. 8 —- Diagram of Four Important Quenching Methods 


2. Heating to austenizing temperature 
(1550° F.) in neutral salt; time: 12 min. 

3. Quenching in salt at approximately ii 
F. for 12 min. to permit isothermal transforma. 
tion. The quench tank salt is agitated by motor 
driven propeller. Absorbed heat is dissipated )y 
forced air circulating through a welded ste 
jacket around the salt quench tank. 

4. Fuses are transferred to a_ tempering 
bath of the same composition as the quench s 
maintained at 800 to 850° F. Fuses whe 
removed are allowed to drain and are cook 
slowly in air. 

One plant heat treats over 250,000 fuses each 
month in this manner without any rejections dw 
to cracking, distortion or low physicals. Fuss 
with heavier sections, made of the same grade 
steel, are now being heat treated the same 
above except a longer time cycle is required 
heat and quench this heavier section. 

In summary, the various modern types 
interrupted quenches designed to eliminate 
materially reduce quench cracks, distortion #! 
dimensional changes, include martempering, 
tempering, and isothermal quenching. 
mechanics of each method are diagrammed " 
Fig. 8. In all of them duplication of results ® 
possible by workmen who are comparatively 
to the science of heat treating. 6 
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Cooling Curve at Center 


By R. G. Thompson 
Schenectady Works Laboratory 
General Electric Co. 


HEN TIN WAS READILY AVAILABLE it 

was customary to use a composition of 
83% tin and 8's each of copper and.antimony 
for babbitt. Metallurgists hardly need to be told 
that tin today is among the scarcest of the metals, 
and that babbitt may no longer contain as much 
tin as formerly. The War Production Board's 
tin conservation order limits the tin content of 
babbitt to 12%, except for implements of war, 
wherein the conventional high tin babbitts are 
permitted unless a lower tin content is acceptable 
to the specifying agency. 

General Electric has gone far beyond the 
W.P.B. restrictions on use of tin. Thus, for 
instance, its commonly used babbitt now contains 
only 1% tin. It is a lead base alloy, composed 
f 82.5% lead, 15% antimony, 1% tin, 1% arsenic, 
and 0.5% copper. This composition is identified 
as F23 babbitt (Cleveland Graphite Bronze Co.), 
or Boveall babbitt (Federated Metals Co.). Pos- 
sibly “babbitt” is the wrong term to use except 
in the sense of “material to line bearings”. 

Extreme tests made in G. E. laboratories 
and engineering divisions preceded its adoption. 
It is now being used widely on motors and other 
‘pparatus with rotating members. Although not 
well adapted for turbine bearings, a number of 
lead base bearings have been installed in steam 
‘urbines and are under careful observation. Also 
— large thrust bearing for a 60,000-kva. genera- 
‘or has been installed at Bonneville power house 
m the Columbia River. No changes in bearing 
design were necessary, and the lead base bearings 


for Lead Base Babbitt Alloys 
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Casting Technique 


Microstructure (100 Diameters) of Bearing Metal 
Containing 1% Tin in a Still-Cast Thrust Plate. 


Eutectic is antimony-lead; white crystals are 
excess antimony or antimony-rich compounds 


carry the same unit loads or pressures as did the 
tin base bearings. 

In the lead base alloy, approximately 12% 
of the antimony combines with the lead to form 
a eutectic mixture, and the balance of the anti- 
mony separates out as hard antimony-rich com- 
pounds. The photomicrograph at the head of 
this column shows the typical structure of this 
material at 100 diameters. 

Arsenic is incorporated in this alloy chiefly 
to raise its annealing temperature. Tin primarily 
assists in obtaining a good bond between the 
babbitt and the shell, and it also probably serves 
in some manner to prevent oil corrosion. 

Because of the marked difference in density 


4 


with little or no hard antimony compound, and 


with other regions containing excessive amounts 
of antimony-rich compound. Therefore, consid- 


erable testing and experimenting have been 
necessary to establish proper casting technique 
and reduce this segregation to a minimum. 
From a design standpoint, there are two 
general types of bearings: (a) Bonded type, 
where the babbitt is alloyed to the bearing shell 
or liner; and (b) unbonded type, where the bab- 
bitt is held in the bearing shell by means of 


Split Bearing Lining for a 642-In. Shaft. At left is the bronze liner, grooved for 
anchoring babbitt. Grooves are 0.025 in. deep, 0.050 in. wide, spaced 0.100 in. on 
centers. View at right shows as-cast condition of centrifugal-cast lead base babbitt 


dovetail anchor grooves. Each of these two types 
can be either centrifugally cast or still cast. 

The casting characteristics of the lead base 
babbitt differ from the tin base babbitt, and the 
establishment of correct casting procedure is the 
most important part in the production of good 
bearings. A perfectly good babbitt alloy can be 
ruined by improper or careless casting procedure. 

It is difficult to outline the exact details 
which would be applicable for all bearings. How- 
ever, some general rules can be outlined: 


Centrifugally Cast Bearings 


Centrifugal casting procedure may be sum- 
marized as follows: 
1. The bearing shell must be sprayed with 


between the antimony-rich phase and the heavier 
lead-antimony eutectic, there is a marked tend- 
ency for these two phases to separate, resulting 
in regions containing only the eutectic phase 
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water, or water and air, immediately after th 
babbitt has been poured into the shell or liner, ;, 
cool the metal as rapidly as possible. 

2. For a bonded type bearing, the shell 
first degreased, pickled, fluxed, and pre-coate 
by immersing it in a suitable bonding alloy , 
temperatures ranging from 575 to 625° F. Thy 
pre-coated shell is then removed from the bond. 
ing alloy pot and immediately placed in th 
centrifugal casting machine, while the bonding 
alloy coating is liquid and clean. 

3. It has been found that the thickness 9) 
the hearing shell should not be more than % jp 
if segregation is to be prevented. With heavier 
shells, the heat cannot be extracted fast enough 


to solidify the babbitt before segregation occurs, 
and hard, antimony-rich compounds are throws 
toward the inside, leaving only the softer leaé 
antimony eutectic phase next to the shell. Th 
degree to which this takes place depends up 
the rate of cooling and the centrifugal speed # 
which the shell is rotated. 

4. The spinning should be as slow as p® 
sible, and yet throw the babbitt out against the 
bearing shell. The higher the speed, the grealé 
the centrifugal force causing separation of the 
two phases of different density. 

5. For unbonded bearings, it can be assumed 
that heavier or thicker shells can be centrifugal 
‘ast without segregation, since it is necess# 
only to preheat such bearings to 25° F. 
order to drive off any moisture). Therefore 
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with less heat to extract from the shell and with 
adequate water cooling, it should be possible to 
solidify the babbitt before segregation occurs. 
Very little work has been done with this type of 
bearing and, therefore, the above opinion has not 
been fully established. 

6. Babbitt of this composition is poured 
from 850 to 925° F. 


Still or Stationary Cast Bearings 


For unbonded bearings, the following pro- 
cedure has been established: (a) Preheat shell 
to 225° F. (b) Preheat mandrel to 600° F. (c) 
Pour babbitt at 775 to 800° F. (d) Water-cool 
bearing shell immediately after the babbitt has 
been cast. 

With the above temperature gradients, the 
babbitt freezes from the shell toward the mandrel, 
resulting in a close bond to the bearing shell. 

The bearing and mandrel can be set up 
either horizontally, as shown in the engraving, 


or vertically. Usually, when the length of the 
bearing is greater than the inside diameter, it is 
preferable to cast the babbitt with the shell in a 
horizontal position. Most bearings of this type 
are made with a cast iron shell, and are usually 
the ball seat design. 

Bonded, still cast bearings have not been pro- 
duced in any large quantities. However, enough 
work has been done in still casting the bonded- 
type bearing to prove that it has some advantages 
over the centrifugally cast method. The one 
marked advantage is that there is no centrifugal 
force causing segregation of the two phases. 
Therefore, the babbitt does not have to be chilled 
as quickly, and bearing shells with thicker walls 
can be cast free from segregation. 

The bearing shell is cleaned and coated with 
the bonding alloy, the same as for centrifugally 
cast bonded bearings, and the shells are set in 
the casting jig while the coating is liquid and 
clean. The casting jig is preheated to a tempera- 
ture of about 500° F., and the babbitt poured. 


14-In. Diameter Cast Iron Bearing Shell Set up With 
Mandrel in Place Ready for Pouring of Bearing Alloy 
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The shell is water-cooled as rapidly as possible 
with a water spray after pouring is finished. 


Bonding Quality of Lead Babbitt 


Lead babbitt bonds very well to steel shells 

-in fact, more reliable bonds are obtained with 

this babbitt than with the old fashioned tin 

babbitt. The type of bonding alloy used for steel 

shells is not critical. All of the following alloys 
have been used successfully: 


Alloy A: 
Alloy B: 


5% tin, 5% antimony, 90% lead. 
10% tin, 10% antimony, 80% lead. 

Alloy C: 30% tin, 70% lead. 

Alloy D: 20% tin, 1.25% silver, 78.75% lead. 

Bonding of lead babbitt to bronze shells has 
not been as successful as to steel shells. The best 
bonds for bronze are with Alloy D. Bonding 
alloys containing antimony are particularly 
unsatisfactory. It is necessary to machine radial 
grooves approximately 0.05 in. wide by 0.02 in. 


deep, approximately 0.1 in. apart in the shelj 
surface, to obtain some mechanical anchorage 
on the bronze shells. Also the temperature a 
which bonding occurs is important; the bonding 
alloy should be just above its melting point — 
higher temperatures result in poor bonds. 


Oil Corrosion 


Laboratory tests indicate that lead base bear. 
ings are attacked at temperatures of the order of 
180° F. and above by oils having a neutralization 
number higher than 1.0. (Neutralization number 
is the number of milligrams of caustic potash 
required to neutralize the acid in 1 g. of oil.) 
The lead base bearing alloy described does not 
appear to accelerate the oxidation rate of the oil 
to any appreciable extent, but if the oil becomes 
oxidized for other reasons and the neutralization 
number goes above 1.0, then the oil will corrode 
the bearing. 8 


Tapered Land Thrust Bearing Plate for 1500-Kw., 
3600-Rpm. Steam Turbine 12 In. Outside Diameter by 
5% In. Inside Diameter. Still cast of lead base babbitt 
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Double Temper 


Mo-W High Speed 


at Slow Heating Rate 


By K. J. Trigger 
Ass't. Prof. of Mechanical Engineering 
Jniversity of Illinois 


roana 


1. Place in an unheated electric furnace, 
heat to 1025° F. in 1% hr., hold 1 hr., and air 
cool. Repeat operation starting with a cold fur- 

URING AN INVESTIGATION on the trans- nace, hold 1 hr. at 1025° F., and furnace cool. 
verse strength and toughness of molybdenum- 2. Place in a hot electric furnace and heat 
tungsten high speed steel, it became advisable to —_to 1025° F. in 10 min., hold 1 hr., and air cool. 
evaluate the effect of the heating rate in temper- Repeat operation, hold 1 hr. at 1025° F., and 
ng. Tests were also conducted to determine the — furnace cool. 
ellectiveness of a double temper on the transverse 3. Single temper, starting with a cold fur- 


strength of small test beams. nace; heat to 1025° F. in 1% hr., hold 2 hr., and 
This investigation was carried out on high furnace cool. 

speed steel containing approximately 542% tung- After tempering, the specimens were care- 

‘ten, 5% molybdenum, 4% chromium, 142% fully surface ground to approximately 0.375-in. 

vanadium, and 0.8% car- 

bon. Material was secured Results of Bending Tests on High Speed Steel 

through the kindness of 

Columbia Tool Steel Co. RockweELL, DeEviaTION DEVIATION, 
Tust MODULUS OF RUPTURE | Hanpness | FROM AVERAGE | % OF AVERAGE 


Test samples were pre- 
pared from commercial 


Double Temper — Slow Heating 


2-in. square sto 

cnt 1, unbroken 542,500 psi. C-65.9 +4900 psi. | Over +0.91 

2 533,500 65.6 ~4100 ~0.76 

*'2 In. They were shaped 3, unbroken | 540,500 65.4 +2900 Over +0.54 

equally on all sides to 4 534,000 65.9 —3600 —0.67 

‘pproximately 0.4-in. Average : 537,600+ 

“weeny and surface Double Temper — Fast Heating 

sround to 0.385-in. square 1 503,000 psi. C-65.9 +3200 psi. +0.6 
The heat treatment 3 478,000 65.5 —21,800 —4.4 


sisted of (a) preheat 


| 538,000 65.8 +38,300 +7.6 
1100° F. for 15 min., | 


Average: 499,800 


b) preheat at 1500° F. _— Temper — Slow Heating 
7 ‘ 401,000 psi. C-65.5 — 53,000 psi. —11.68 
meat | 469,500. 65.3 | +15,500° 
for 4 3 | 463,500 65.5 +9500 + 2.09 
juench in oil 4 482,000 65.5 + 28,000 +6.16 
until cold, and Average : 454,000 
mally (e) temper as fol- Untempered | 85,000 psi. 


WS: J 
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square. An open structure wheel, frequently 
diamond dressed to insure free and cool cutting 
conditions, was used. At no time during the 
grinding did the specimen feel uncomfortably 
warm to the touch. 

The ground specimens were then tested in a 
fixture designed to provide a constant bending 
moment over the middle 2 in. of a 4-in. test span. 
A hand operated testing machine was used to 
load the specimens, the loading rate being from 
600 to 700 lb. per min. until (and if) failure 
occurred. Since the capacity of the machine was 
only 12,800 lb., two specimens were not broken. 

The calculated modulus of rupture takes into 
account all errors introduced by roll on the sup- 
ports and loading points. The modulus of elas- 
ticity as calculated from the deflection data (in 
the elastic region of the test) ranged from 
29,500,000 to 30,500,000 psi., a very satisfactory 
check. The results of the different tempering 
treatments are shown in the table on page 743. 

Fast heating, as the term is herein inter- 


One of the Specimens (Double Tempered With Slow Heating) Which Did Not Break 
When the Load Reached the Testing Machine's Capacity. Hardness C-65.9; extreme 
fiber stress 542,500 psi., permanent deflection about 0.050 in. on 4-in. span 


preted, consisted of an average heating rate 
about 90° F. per min., though the maximum mie 
was 240° F. per min. in the range of 100 to fil 
F.— the range in which the hardened specimen 
can least readily accommodate the volumetr 
changes brought about by heating. Slow heatin 
consisted of an average rate of 10° F. per mir 
with 20° F. per min. the fastest. 

The desirability of slow heating for tempe 
ing is borne out by the results, although the 
increase in bending properties due to slow heal 
ing is comparatively unimportant under the tes 
A survey of the results of slow ¥ 
fast heating reveals that slow heating is superior 
with regard to both average strength and con 
The total variation (max 
mum to minimum) of the slow heated samples 
was somewhat over 9000 psi. whereas the fas! 
heated test beams revealed a total variation | 
about 60,000 psi. 

A comparison of single and double temper 
ing, both under slow heating conditions, shows 


conditions. 


sistency of results. 


A Specimen, Also Double Tempered With Slow Heating, That 
Broke at 533,500-Psi. Extreme Fiber Stress. 
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Hardness C-65.6 
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that a definite benefit accrues when double tem- 
pering is used. The average strength is some 
34,000 psi. higher, and the total variation is but 
00 psi. as compared to some 81,000 psi. for the 
single tempered samples. The improvement is 
definite though not as pronounced as may have 
been expected. 

The writer believes, on the basis of magnetic 
study, that the transformation of retained aus- 
tenite in this steel, on cooling from tempering, 
occurs in the range of 500° to 550° F., and trans- 
formation in such a range permits appreciable 
stress relief in the martensite so formed. Of 
course, volumetric changes brought about by this 
transformation may still affect the remaining 
material and cause weakening due to very small 
cracks. 

The benefits of double tempering would, of 
course, be much more pronounced on irregularly 
sectioned tools and dies. Spalling at sharp sec- 


tional changes ought to be much less when such 
tools are double tempered. 

As a matter of curiosity one test bar was 
hardened, ground, and tested without any tem- 
pering whatever. The modulus of rupture 
obtained on this bar was approximately 85,000 
psi., indicating the folly of using untempered 
high speed steel. 

The accompanying photographs show two 
tested beams. One specimen did not break at 
an extreme fiber stress of 542,500 psi. Yielding 
began at a stress of about 400,000 psi. and prog- 
ressed gradually. The maximum deflection under 
load amounted to nearly % in. with 0.050 in. of 
permanent set remaining after the load was 
released. The other beam failed at an extreme 
fiber stress of 533,500 psi. Note the fragmenta- 
tion of the section which was subjected to a 
constant bending moment; the specimen virtually 
exploded at failure. ] 


Courtesy Timken Roller Bearing Co. 
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Letters of Interest 
from Home and Abroad 


errors, or prolonged tests. Fortunately — in the 

taal id O h S case of zinc, at least — scientific study had prog. 
ering in /\CI penhearth otee ressed so that the proper limits of fields of 

application could be the more readily set. 

For zinc, three unique characteristics govern 

as is well known: 

(a) It is very fusible, melting at 787° F. This 
makes it an excellent metal for the foundry, espe. 
cially when alloyed with a little aluminum. (» 
the other hand, it recrystallizes and deform 
plastically at a low temperature; hence zine parts 
cannot be expected to carry loads at tempers 
ture much above atmospheric. 

(b) Zine crystallizes in the hexagonal clos 
packed system, and only three metals (coppe! 
aluminum and silver) have a large solubility i 
it. Each of these solubilities decreases with tem- 
perature, and so there is a possibility of “pre- 
cipitation hardening”, but this turns out to b 
limited. Precipitation in many zine alloys has 
been proven to be harmful rather than helpfu! 
because of the appearance of the associated cor- 
rosion cracking. This leads us to the third nole- 
worthy characteristic of zinc: 

(c) Zine is electro-negative and easil) 
attacked by acids. Unless great care is given to 
the purity and composition of the alloys they are 
even unstable in size and unreliable in moist, 


Zinc Widely Used in War-Time France warm localities. Unfortunately, when much 0! 
the supply is had from scrap, purity canno! 


NICETOWN, PHILADELPHIA, Pa. 
To the Readers of Meta ProGress: 

I think I recognize many of my own state- 
ments in the portion of p. 482, of September’s 
Metal Progress, dealing with acid openhearth 
steel, since I discoursed briefly on the quality of 
acid steel at the @ round table being reported. 
I therefore agree with practically everything. 
I disagree, however, with the statement that “acid 
steel ‘fibers’ more readily than basic openhearth 
steel”. Our experience at Midvale is to the con- 
trary, though I don’t mean to argue that it should 
be accepted as a proven fact. In heavy armor, 
where “fiber” is generally conceded to be a prime 
requisite, I believe the British still use acid open- 
hearth whereas we, in this country, prefer basic 
steel. I know of no evidence to support the 
statement that acid steel is the more readily 
fibered and would be interested in learning what 
evidence, if any, exists. 

FRANCIS B. FOLEY 
Superintendent of Research Dept. 
The Midvale Company 


SOMEWHERE IN FRANCE readily be achieved. 

To the Readers of Mevat Progress: Despite all these handicaps, inherent on the 

Prior to the war, the principal metals used — one hand, and due to the misfortunes of war 0" 
by industry in France (as in other civilized coun- the other, zinc has been of considerable use 
tries) were iron, copper and nickel, aluminum, meeting some essential needs of our crvilians 
zine and lead. Following the German invasion Success has been achieved largely through the 
the industrial use of the imported metals copper application of information developed and pub- 
and nickel was prohibited. Although the two lished by the American firm, New Jersey Zine ‘ 
light metals are of European origin, almost all The uses in pressure casting have been ve 
of the supply was preempted for war materiel. numerous, producing pieces of complicate! 
Civilian supply, such as it was, had to content shapes, which do not need to be machined 
itself with salvaged scrap, and the substitution of therefore they are spreading in varied industries 
the only metals available, even of limited supply In many cases the zine alloys can take the pla 
— namely, iron, lead and zinc. of copper alloys, especially the brasses. 

In contrast with what happened during the interesting results have been obtained as #"" 
historic evolution of the uses of metals, substitu- friction metals for ball bearings, which may De “ 


Its 


tion had to take place quickly, without trials and application appearing strange to Americans. 
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Being developed. 


¢ 


in plumbing for cold water systems are 
In electricity, zinc wires are 
tested as conductors; for this purpose pure 
inc with 0.15% iron has a creep strength of 
D700 psi. (0.2% elongation at room temperature 
n 15,000 hr.), ten times the value of the 1% Al, 
Cu alloy previously used in Germany. 

| But it is important to state that it is to the 
-areful scientific study of these properties and 
phenomena that we are indebted for the pos- 
ibilities of using alloys of high zine content. 
They have thus been freed of the justified dis- 
redit caused by disappointments and defects 
arising during their first applications more than 
20 years ago. 


ALBERT PORTEVIN 
Bessemer Medalist 


Supposed Graphite in Carburized Steels 


piror’s NoTE—In Metal Progress for June 
E .943 Messrs. WELCHNER and Rousu presented 
a most valuable study of the above subject, then 
of sudden importance because of the discovery 
of a grain boundary constituent very close to the 
surface of carburized articles of NE steels, and 
the snap assumption made by some metallurgists 
that it was an inherént drawback to the use of 
these triple-alloy steels. Welchner and Roush 
attacked the problem directly and got a quick 
; they could not be expected to make an 
exhaustive study of the literature. 

M. RippinouGH, technical manager for Deloro 
Smelting & Refining Co., Ltd. of Birmingham, 
England, writes that a similar accumulation of 
“seale or oxide” at the grain boundaries was 
ioted by him when studying the decarburized 
surface of heat treated leaf springs (silico- 
manganese steel), and published in Journal of 
the Iron & Steel Institute, 1931 (II), page 445, as 
i discussion to an article by Hankins and Becker 

1 “The Effect of Surface Conditions Produced 
by Heat Treatment on the Fatigue Resistance of 
‘pring Steels”. This discussion dwelt primarily 
with the penetration of a hardening constituent 
‘long the grain boundaries to at least twice the 
lepth below the surface. This hardened ferrite 
8 shown by polishing on selvyt cloth after ordi- 
ary etching, and the “abnormal” boundaries 
‘and in relief —an effect noted by Stead in the 
‘ame Journal as early as 1921. The evidence 
resented by Mr. Riddihough in 1931 led him to 
‘ate that the “abnormal ferrite” bounding each 
lerrite grain “might be a solid solution of oxygen 
oxide in iron”, 
From another source, the Editor also learned 


answer 


r iron 
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that Mary Bagyertz, in some “Observations on 
the Oxidation of Steel” (Transactions @, June 
1936, p. 420) presented many micros showing 
silicate particles at grain boundaries and ferrous 
oxide within the grains of steels near the surface 
of samples heated in oxidizing atmospheres. 
Probably many other examples, even of earlier 
work, could be found if one were to search the 
metallurgical literature. 

The point of this note is rather to call atten- 
tion to the inference (if not the direct statement) 
in Welchner and Roush’s article that the forma- 
tion of silicates below the metal’s surface was 
due to reaction with CO gas diffusing into the 
hot solid. The Editor also has retained for many 
years the recollection that in Federico Giolitti’s 
classic “The Cementation of Iron and Steel” the 
mechanism is based on the equilibrium between 
Fe, Fe,;C, CO and CO,, and hence presumably the 
gases diffuse into and out of the steel. (A recent 
scanning of the pages finds no place where Giolitti 
states, categorically, that such diffusion does 
actually occur.) 

Now comes a series of notable articles in 
Metal Progress by Fioyp E. Harris, where he 
explains the gas carburizing mechanism as a 
metal-gas reaction liberating carbon at the sur- 
face, and the diffusion of carbon inward. In view 
of the great difficulty Petch and his English col- 
laborators have in finding (Continues on p. 748) 


Ghostly Battleship 


Paterson, N. J. 
To the Readers of MetTat ProGress: 

Here’s a battleship cruising in the matrix of 
our forged piston alloy A.M.S.4140, Undoubtedly 
our Navy is seeking the Jap even here. 

WituiAM C, Banks 
Assistant Metallurgist, Materials Laboratory 
Wood-Ridge Plant, Wright Aeronautical Corp. 


Fleck of Dust With Formidable Shape 
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room for the carbon atom to tuck itself away in 
the iron lattice, the Editor asked some American 
authorities whether it is physically possible for a 
supposedly larger molecule like CO or CO, to get 
inside the iron lattice. 

WHueEeELer P. Davey, research professor of 
physics and chemistry at Pennsylvania State 
College, writes: “Even the smallest dimension 
which can be assigned to CO and CO, would 
indicate that it is highly improbable that these 
gases could diffuse in steel with any reasonable 
speed. I believe it is pretty generally understood 
among X-ray crystallographers that when carbon 
diffuses in steel the actual transfer is a transfer 
of carbon. Diffusing carbon must be assumed 
to be constantly in combination with iron but the 
Fe.C molecule as such does not travel. We must 
assume that the diffusing carbon merely loosens 
its chemical bonds with an Fe on one side and 
picks up chemical bonds with an Fe on the other 
side. In this way the carbon can migrate “hand 
over hand” like dancers in the square-dance 
figure “grand right-and-left”. There is every rea- 
son to assume that the migration of oxygen in 
iron and steel is accomplished by a similar 
mechanism, so that although each individual 
atom of oxygen is at all times bound to neighbor- 
ing iron atoms in the form of one or more of the 
oxides of iron, any given oxygen atom is not 
permanently tied up to any one iron atom. The 
same would be true of other elements that form 
“compounds” with iron. Diffusion of an inert 
atom (as argon through heated quartz) is said 
to follow a different law entirely and acts nearly 
like flow through minute orifices. 

“From the standpoint of theory it can hardly 
be doubted that Harris’s work on the penetration 
of carbon is correct.” 

Ropert F. MEHL, director of Metals Research 
Laboratory, Carnegie Institute of Technology, 
also answered and commented on the Editor’s 
proposal to explain the silicate films at grain 
boundaries by the preferential diffusion of oxygen 
at grain boundaries where it reacts with silicon 
atoms, and insoluble and immobile silica particles 
are built up there by reaction with more and 
more silicon atoms diffusing to the impoverished 
grain boundaries. On this basis the presence of 
alumina particles throughout the grains rather 
than at the boundaries would be explainable if 
aluminum had a considerably slower rate of 
diffusion than silicon in steel at 1700° F. Dr. 
Mehl writes: 

“In scientific studies of carburization, as far 
as I know, it has never been assumed that CO 
and CO,, as such, diffuse into steel. It is true 
that in carburization in CO both carbon and 
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oxygen diffuse inward, but they diffuse inde. 
pendently and not as a molecule. Grain bound. 
aries appear to play no part in carburization; the 
rate of diffusion of carbon is practically inde. 
pendent of grain size and carburization itselj 
shows no grain size effect. However, the exten 
sive work of my associate FREDERICK N. Ruiyes 
on internal oxidation of copper and some other 
non-ferrous alloys (presented before the Institut; 
of Metals, A.I.M.E. since 1940) shows that oxygen 
diffuses at a higher rate along the boundaries 
than across the grain itself. This difference js 
small and frequently inappreciable at high tem. 
peratures, exhibiting itself more pronounced) 
at relatively low temperatures. Results found 
by Messrs. Welchner and Roush are entirely 
explicable on the sound basis that carbon and 
oxygen diffuse into hot steel during pack car- 
burizing, quite independently, each with its char- 
acteristic rate.” 

Finally, Mr. WELCHNER writes as follows, t 
close the discussion: 

“In the experiments with grain boundar 
non-metallic precipitate during carburizing con 
ducted by Mr. Roush and myself and published 
in Metal Progress in June 1943, we were no! 
concerned with the exact mechanism of the reae- 
tion—-that is, whether the CO or the oxygen 
itself was soluble in the hot steel. Our suggestior 
that nascent oxygen is the reactant is not refuted 
by admitting that atomic oxygen diffuses inwaré 
rather than the CO molecule. 

“There is, of course, another possibility 
which must be considered in this connection, 
it depends upon the continuity of the oxidizec 
silicon with the surface of the steel. It is no! 
inconceivable that a limited oxygen solubilily 
in the oxidized silicon (probably silicate phase 
exists which would then be the vehicle for th 
oxygen to penetrate beyond the gas-solid inter 
face. This concept would be strongly supportec 
by the occurrence of the silicon-bearing 00” 
metallic in the grain boundary but does no 
appear to be valid for the oxidized aluminum 
phase as found in the nitralloy steel. The mor 
or less random distribution of the oxidized 
aluminum (apparently not in the grain bound- 
aries and not continuous) would indicate tha! 
either CO or oxygen had a certain solubility " 
austenite itself. 

“Referring again to our experiments, they 
hardly were complete enough to reach an answe! 
to the problem. Also while we could theorize at 
great length based on the information «t hand, 
such deductions undoubtedly would have ' be 
supported by X-ray work and diffusion exp 
ments, which we were in no position to ‘0. 
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Intergranular Surface Constituent 


in Malleable lron 


Rockrorpb, ILLINOIS 
To the Readers of MeTaL ProGress: 

Two recent articles by John Welchner and 
Roy W. Roush on “Supposed Graphite in Car- 
burized Cases” (Metal Progress for June 1943 
and March 1944) call attention to the presence 
of foreign material in the grain boundaries near 
the surfaces of carburized NE and S.A.E. steels. 

The condition described is occasionally 
encountered also in malleable iron which has 
been annealed in periodic ovens. Whereas a 
penetration of 0.001 to 0.002 in. is given for steel, 
the depth of this intergranular constituent may 
be as high as 0.025 in. in malleable iron. (It is 
issumed that this greater penetration in malle- 
ible iron is due partly to 
he long time, approxi- 
nately 48 hr., at the first 
stage graphitization tem- 
perature of 1600 to 1700°. 


such a surface condition 
may show low strengths 
ind elongations, the 
‘ecrease depending on 
hickness of the surface 
iver, 


test bar. 


l enclose two micros taken from an annealed 
‘st bar. The first shows a penetration to approxi- 
ately 0.012 in. The other, the center of which 
sat a point 0.008 in. below the surface, shows 
te intergranular constituent at higher magnifica- 
on and in more detail. It is interesting to note 
ie increase in grain size as the distance from 
ie surface increases. Total carbon of this bar 
i the white iron state was 2.43% and the silicon 
ment 1.00%. Normally this composition would 


Edge of annealed malleable 
Depth of penetra- 
tion of intergranular constit- 
uent is approximately 0.012 
in. 100 diameters, unetched 


October, 1944; Page 749 


give a tensile strength of about 54,000 psi. and 
elongation in 2 in. of about 18%, in a completely 
annealed test bar. Actually, the tensile strength 
was 47,800 psi. and the elongation 11%. Micro- 
scopic examination showed that the bar had been 
completely annealed, no free cementite or pearlite 
being present. 

In conducting systematic etching tests 
according to procedure given in the @ Metals 
Handbook, the dark grain boundary constituent 
was not attacked until a 20% aqueous solution of 
hydrofluoric acid was used. (Messrs. Welchner 
and Roush obtained the same results in their 
tests.) The grain boundary constituent would 
seem to be a silicate, most probably an iron 
silicate. 

This constituent is found in annealed malle- 
able not only between the grains but also in 
globular form and all combinations of both types. 


Intergranular Surface Constituent in Annealed Malleable Iron 


ent is found in malleable 
ron, the depth seldom ) x 
10 harmful effects have ~ 

> . 4 \ } 
heen observed. However. \ 
when it occurs at consid- ~ 
erably greater depths, it 
both castings and test rR 
irs The zone contain 4 ay ~ 
ing this constituent is 
juite brittle, and tends to ¥ { 

spall off from heavy cast- 
ngs when they are 
mille ‘ rj » 

ed. Test bars having € a 


Center of this view is 0.008 in. below 
edge. Note smaller grains toward 
edge (top of view) and presence of 
manganese sulphide inclusions (light 
gray). 500 diameters, unetched 


Numerous white iron specimens have been exam- 
ined, but no such constituent has been found in 
unannealed iron. This leaves only the packing 
material and the atmosphere during annealing as 
the possible sources of formation of the constitu- 
ent. The latter is surely the more logical source; 
it would seem that packing material is a factor 
only as it affects the atmosphere immediately 
surrounding the work. 

The above notes are intended only to show 
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the occasional existence of the intergranular con- 
stituent in malleable iron, and to point out that 
it is an undesirable condition. The exact nature 
of the reactions involved in its formation is not 
yet known, but their study would be an interest- 
ing and beneficial project. 
EUGENE M. STEIN 
Metallurgist 
Gunite Foundries Corp. 


Sigma Phase Brittleness in 
Heat Resisting Steels 


SHEFFIELD, ENGLAND 
To the Readers of ProGress: 
It is well known that the sigma phase can be 


formed in steels of high chromium content 
with or without other alloying metals — over 
rather wide ranges of composition. It is also 
known that the sigma phase is very hard and 
brittle; its brittleness is, in fact, so pronounced 
that the behaviour of samples consisting wholly 
or mainly of it has been likened to glass rather 
than metal. Such material is hardly likely to 
receive much practical application, but there is 
in common use quite a number of high chro- 
mium-nickel “steels” ——- some of them containing 
also appreciable amounts of other alloys such as 
silicon, tungsten, molybdenum which are 
essentially austenitic in character but contain a 
certain proportion of ferrite in their structure 
after they have been softened in the normal way 
at 1900° F. or thereabouts. In many of these 
alloys the more ductile ferrite changes partly or 
wholly to the more brittle sigma phase if they 
are heated for longer or shorter periods between 
1100 and 1550° F. (and even below 1100° F. if the 
heating is sufficiently prolonged) resulting in 
considerable loss of toughness, particularly in 
notched tests. Examples have been published in 
Britain of the Izod impact values being reduced 
in this manner from 60 ft-lb. or so to 5 ft-lb. or 
even less. 

So far as I am aware, however, all such pub- 
lished data have referred to tests carried out on 
the steel after it has cooled down to atmospheric 
temperature. Is the hot steel equally brittle? 

Obviously this is impor- 
tant, because if the steel is being 


Hot Toughness of Cr-Ni-W-Si Steel 


pheric temperature. There is actually some ey. 
dence that toughness and ductility are reducg 
while the steel is still hot. Thus Bruhl, in hj 
early investigations on chromium-manganeg 
steels, found that those containing 30% chy 
mium and 15% manganese readily transformej 
at a red heat, almost entirely to the sigma pha 
and that, if this occurred, the steels became quit 
unforgeable. 

I met a case a few years ago where one 
these normally tough, duplex steels became brit 
tle and fractured in use, owing to the formation 
of the sigma phase under conditions involving 
continuous heating for a long period at 850 t 
925° F. Other examples have been noted whieh 
point in the same direction. 

The following experiments were, therefor, 
carried out in Sheffield to obtain more precise 
data regarding the properties of such sigm. 
containing steels while hot: 

Bars of two austenitic steels containing 

STEEL C Cr NI WwW 

A 0.37 1.77 20.7 7.0 3.54 

B 0.32 1.41 21.4 10.2 3.45 
were softened in the ordinary way at 1900 F 
Their structure after this treatment, while pr 
dominantly austenitic, contained also 20% ors 
of ferrite, Steel A containing more than Steel} 
One half of each bar was reheated for 3 hr. @ 
1560° F. and then air cooled, with the result tha 
a certain amount of the sigma phase was formet 
Test bars were then made from each of the tw 
steels in each of the above conditions, and the 
toughness tested at room temperature and @ 
three elevated temperatures. Results are given 
in the attached table. 

The test pieces, which were 10 mm. square 
were broken on a Charpy machine, but wer 
notched with the standard Izod notch; thos 
tested above atmospheric temperature wet 
heated at their respective temperatures for # 
min. before breaking. 

It is probable that heating for 3 hr. at 156? 
F. resulted in the formation of only a sm 
amount of the sigma phase, and that more pr 
longed heating at this temperature would ha 
‘aused greater embrittlement; (Cont. on p. 


used under conditions involving 


more or less continuous expo- | | Inpact VALUE AT 

sure at a dull red heat, the pro- Bar TORATMENT 60° F 930° F 1290° F "4475°F 
duction of the sigma phase will 
cause less trouble if the steel A | Softened 30 30 35 . 
still retains its toughness while | ten 1560° F. 
hot, and becomes brittle only Goan 7 ised 
when it has cooled to atmos- | 
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castings: 
hold high pressures. 
Experience has proved 


CUMAX FURNISHES AUTHORITATIVE ENGINEERING 
SATA ON MOLYBDENUM APPLICATIONS. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNEDs 
FERROMOLYBDENUM «+ “CALCIUM MOLYBDATE” 
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tests on other bars of similar material have shown 
in fact that their Izod value can be reduced to 
5 ft-lb. or so by prolonged heating. It is signifi- 
cant, however, that the bars treated for only 3 hr. 
had appreciably lower impact values than the 
normally softened bars at all the temperatures 
at which they were tested. 

It may be concluded, therefore, that brittle- 
ness in heat resisting steels resulting from the 
production of the sigma phase is likely to be 
quite as evident while the steel is hot — at least 
within the range of temperature in which the 
phase is stable-— as it undoubtedly is when the 
steel has cooled to atmospheric temperature. 
This is a matter of considerable importance in 
the practical use of such steels. 

J. H. G. MONYPENNY 


Metallurgist, 
Brown, Bayley’s Steel Works, Ltd. 


Pit Corrosion 
of Magnesium Alloy Castings 


AKRON, OHIO 
To the Readers of Mera. ProGress: 

Recently we have encountered a corrosion 
phenomenon involving magnesium alloy castings, 
which has been costly to us and which we feel 
should be known to other magnesium fabricators. 

Because of indoor space limitations, a num- 
ber of magnesium alloy castings purchased to 
Army-Navy specification AN-QQ-M-56, composi- 
tion A, heat treated and aged, were stored 
outdoors and unprotected. Composition A con- 
sists of 5.3 to 6.7% aluminum, 2.5 to 3.5% zine, 
0.15% min. manganese, and all the other ele- 
ments held low. All castings had been given the 
usual chromium pickle at the foundry. 


The castings were placed outside in Febru. 
ary, 1944, and taken indoors during May, where- 
upon severe corrosion of the pitting type was 
discovered. Although pitting was present at 
various locations, it was concentrated at depressed 
areas where water had lodged and evaporated 
slowly. Many contained numerous pits as deep 
as ;*; in. and about as wide. Chemical analysis 
of the corrosion product lodged in the pits showed 
chlorine as magnesium chloride 0.71%, sulphate 
as magnesium sulphate 2.60%, carbonate as mag. 
nesium carbonate 96.24%. The castings were 
spoiled for the intended service and were 
scrapped. 

We are now trying to determine if this cor- 
rosion pitting could develop from contact with 
rain water alone, or if other constituents are 
required which reach the water through the air. 

The literature is not too clear regarding the 
resistance of the magnesium alloys to pit corro- 
sion while under atmospheric exposure. State- 
ments are made on page 108 of American 
Chemical Society’s Monograph No. 71, “Corrosion 
Resistance of Metals and Alloys”, by McKay and 
Worthington, which indicate that pitting will 
develop slowly, particularly in moist marine 
atmospheres. Other statements (American Mag- 
nesium Corp., “Magnesium Data 1943”, page 3 
are to the effect that magnesium alloys have 
excellent resistance to ordinary atmospheres 
over long periods of time. Our experience leads 
to the conclusion that the aluminum-zine alloy 
must be kept completely dry and that castings 
should be protected by painting or other effective 
surface treatment at the earliest possible moment. 

J. L. MILLER 
Chief Metallurgist, Gun Mount Division 
Firestone Tire & Rubber Co. 


Deep Pits in Cast Magnesium Alloy Landing Wheel Center, Eaten During 
Four Months’ Exposure to Winter Weather in Industrial Atmosphere 
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RECORDAK—“‘iles”’ bulky 


drawings on microfilm 


Microfilming is becoming standard 
practice in more and more indus- 
tries. Drawings, specifications—all 
paper records—are microfilmed rap- 
idly and economically and stored 
with a 98% saving in space. Ref- 
erence time is cut two-thirds with a 
Recordak “film-file,” and full-size 
prints readily made. 
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X-RAY DIFFRACTIO 
Reveals the invisible 


Industry is finding many practical 
applications for crystal analysis by 
“tay diffraction. Minute particles, 
too small to be seen by visible light, 
modify and diffract x-rays. Recorded 
on film, the x-rays form diffraction 
patterns which are of great value to 
metallurgists and engineers in the 
search for better materials and 
methods of metal-treating. 


PHOTO-VISUALS— 
“Know-how’”’ by “Show-how’”’ 


Motion pictures, slides, film strips, 
and photographic operation sheets 
and manuals have proved the most 
rapid and efficient means of training. 
In many other fields—demonstra- 
tion, promotion and safety, for ex- 
ample—photography tells the story 
clearly and completely. 


STRESS ANALYSIS— 
Previews performance 
Photographic stress analysis studies, 
similar to the photo-elasticity illus- 
tration above, are playing an increas- 
ingly important part in product 
design. Study and analysis of an ex- 
perimental model’s behavior under 
simulated operating conditions en- 
able predetermination of the prod- 

uct’s performance. 


SPECTROSCOPY— 
Analysis in a flash 

Fast, accurate qualitative and quanti- 
tative chemical analysis, as well asa 
record for reference, is provided by 
spectroscopy. Because analyses of 
even the most complex substances 
are obtained in minutes, irregulari- 
ties in production can be avoided 
and losses prevented, 


INSTRUMENT RECORDING— 
Data reporter 


Photography is used to record tran- 
sient phenomena where instrument 
fluctuations are too rapid for accu- 
rate visual observation—as in cath- 
ode-ray oscillograph traces; where 
the cycle is too long for convenience; 
where a number of indications must 
be recorded simultaneously; and 
generally when a record is needed 
for detailed study and analysis. 


If You Can’t Make the Cleveland Meeting 


We have prepared a Functional Photography Checklist 
which will be useful in determining whether you are 
getting the most out of modern photography. Write to 
Eastman Kodak Company, Rochester 4, N. Y. . 


d ustr 
3 eee 
| 
A 
# 


Personals 


ARTHUR PuILuipes @,professor of 
metallurgy, Yale University, has 
been awarded the honorary degree 
of Doctor Honoris Causa by the 
University of Sao Paulo, Brazil, and 
has been presented a gold medal 
and made a director of the Asso- 
ciaco Brasileira de Metais, during 
his recent stay in that country to 
present a series of lectures. 


Honored by Pratt & Whitney 
Division of Niles-Bement-Pond Co., 
Hartford, Conn.: A. H. d’ARCAMBAL, 
past president ©, vice-president, 
consulting metallurgist and general 
sales manager of the small tool and 
gage department, on the occasion 
of his 25th anniversary with the 
company. 


EuGeNe P. Kurer Ph.D. in 
Metallurgy, University of Notre 
Dame, is now an instructor in met- 
allurgy at Penn State College. 


SPECIFY KEMP ADSORPTIVE DRYERS FOR DRYING 


AIR - GASES - 


ORGANIC LIQUIDS 


Standard units available with capacities ranging from 10 to 100,000 CFM 
—special units or larger sizes furnished to meet special requirements. 


Designs are available for intermittent or continuous duty—manual, semi- 
automatic, or fully automatic operation—for operating pressures ranging 
from atmospheric up to 2400 p.s.i. Reactivatable solid desiccants ( Acti- 
vated alumina, Driocel, or silica gel) provide long life and low operation 


costs. 


For improved operation, lower costs and better products or applications, 
investigate the processing advantages of dryness. 


Write for engineering data, recommendations, and quotations. 


Ask for Bulletin 25-C 


OTHER KEMP PRODUCTS 


Inert Gas Producers 
Atmos-Gas Generators for Special Atmospheres 
The Industrial Carburetor for premixing gases 


Address The C. M. 
Kemp Mfg. Co. 405 E. 
Oliver St., Baltimore- 
2, Maryland 


Immersion Heaters 
Submerged Combustion Burners 
A complete line of Industrial Burners, and Fire Checks 
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Horace H. Lester ©, physiciy 
and B. Kennepy,. superi 
tendent of production, Watertoy 
Arsenal, have been presented th 
Exceptional Civilian Service Awa 
of the War Department for extr 
ordinary service within and beyond 
the call of duty. 


MILDRED FERGUSON formerly 
metallographer at Westinghouss 
Research Laboratories, is now asso 
ciated with the Eclipse-Piong 
Division, Bendix Aviation Corp, 
Teterboro, N. J., as research metal 
lurgist and head of the metal 
lographic division. 


JoHN R. Quinzio ©, designer 
formerly with the Sterling Engin 
Co., is now with the Buffal4 
Foundry & Machine Co. 


Victor F. J. Track ©, former! 
president of Darwin & Milner, Ine 
Cleveland, has been appointed con 
sultant and special representatiy 
of the sales department of Latrob 
Electric Steel Co. in the Clevelang 
office. 


GILBERT R. MILLER @ has left th 
heat treat department at Bendi 
Aviation Corp., South Bend, Ind 
to accept a position at Lennox Fu 
nace Co., Aircraft Division, Colum 
bus, Ohio. 


F. R. Morrar ©, formerly indu 
trial fellow, Mellon Institute f 
Industrial Research, is now grow 
leader of metal trades laboratory! 
the technical service and develo 
ment division of American Cyan 
mid Co., Stamford, Conn. 


J. R. Reynoitps @, former 
melting foreman at Symingt 
Gould Corp., Rochester, N. Y. 
now melting foreman at Gener 
Metals Corp., Oakland, Calif. 


Appointed to the National Bra 
and Brass Foundry Industry Ad 
sory Committee of the 0.P.A.: Fre 
A. MAINzER @, general manager 
the Pacitic Brass Foundry of 5 
Francisco. 


Cuartes W. Beem @ 35 
with Firestone Industrial Produc 
Co., New Castle, Ind., as dP 
ment manager. 


ALBERT Guy @ is € iployed 4s 
metallurgist in the research lab 
tory of General Electric Co., 58 
nectady, N. Y. 
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We wswer 


TO MANY OF YOUR = 
POST-WAR COLD FINISHED —,> 
CARBON AND ALLOY see 
REQUIREMENTS 


WYCKOFF STEEL CO. 


General Offices: PITTSBURGH 30, PENNA. 
Works: AMBRIDGE, PENNA.; CHICAGO, ILL. 
NEWARK, N. J.; PUTNAM, CONN. 
Manufacturers of Carbon and Alloy Steels .. . Turned and Polished 
Shafting ...Turned and Ground Shafting ... Wide Flats up to 12” x 2’. 
COMPLETE ANNEALING AND HEAT TREATING FACILITIES 


- 
/™ 
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That gleam in your designer’s eye 


probably means one thing: you're 
planning to launch some exciting 2. Through a service program which aims to help 


’ mew or redesigned product in the 


postwar market. 


same uniform fabricating qualities, lot after lot. 


Stainless users select the analysis that will best 


meet the particular fabrication, corrosion, and 
physical requirements. 


Very likely Stainless Steel will feature in your 


plans—for Stainless not only provides resistance 
to corrosion, heat and wear, but high strength/ 
weight ratio, special physicals, and gleaming sur- 
face finishes that stay everlastingly bright. 


As the pioneer in the development of Stainless 


Steels, and inventor of Free-Machining Stainless 


Steels, we'd like to apply our diversified peacetime 


and wartime experience to help 
solve your specific Stainless 
problems. 


There are three ways you can 
benefit by working with Carpenter 
in your postwar planning: 


1. By starting with Carpenter 
Stainless Steels, which through 
rigid controls in manufacture, 
can be counted on to have the 


Give Your Product 


These Advantages 


Sales Appeal 


Everlasting Beauty 
Freedom from Rust 
No Plating to Peel 
Weight Saving 
Strength and Rigidity 
Ease of Assembly 
Fewer Service 


Complaints 


THE CARPENTER STEEL COMPANY, 133 W. BERN ST., READING, PA. 


3. By taking advantage of Carpenter metallurgical 
and engineering assistance in solving new and 
different problems of fabrication. This helps 
prevent trouble before it starts, speeds produc- 
tion, and reduces fabricating costs. 


Take the first step to secure this helpful Stainless 


design-engineering cooperation by 
calling in your nearby Carpenter 
representative. Talk over your 
problems with him— get the 
benefit of his long Stainless 
experience. If you have not al- 
ready received a copy of our 
98-page book, “Working Data 
for Carpenter Stainless Steels,” 
drop us a line on your company 
letterhead indicating your title. 


See us at the 
Metal Show 
Booth D-102 
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In forgings you can get metal quality in the exact degree 
required to meet a specific service condition. Such metal 
qualities as may be required, can be developed by forging and 
heat treating processes that are controllable at every stage of 
production. Heat treating forgings is a straight-forward 
production procedure that usually results in uniformity of 


‘ usually ‘ physical properties in quantities of duplicate parts. T & W 
’ \ forging craftsmen, utilizing the most modern types of forg- 
\ cost \ess av . 4 ing and heat treating equipment with a deft skill, achieve 

\ . ‘ uniformity in a degree that results in reducing the time and 
che expense of inspecting and checking forgings to a minimum. 
\ asseMo\ \ Matching forging skills with the proper equipment is the 
. . ic reason why T & W forgings usually cost less at the 
\ \ point of assembly. Ask a T & W Forging Engineer how ) 
' 4 T & W Forgings can help you win the coming battle of costs. ) 
| 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ This forging is one-half of an assembly which \ 
\ is formed by welding two identical forgings \ 
\ together around the outer circumference. In this \ 
\ forging, proper grain flow is highly important \ 
. to give it qualities to resist fatigue stresses. ‘ 


TRANSUE WILLIAMS 


STEEL FORGING CORPORATION: ALLIANCE, O. | 


FICES: NEW YORK, PHILADELPHIA, CHICAGO, INDIANAPOLIS, DETROIT AND CLEVELAND 
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The use of alloys has grown and is growing because 
the properties of metals for war purposes must go far 
beyond former requirements, and because alloying 
materials are now available in ever-increasing 
amounts, and because new metallurgical knowledge 
has improved the efficiency and the economy of 
employing such materials. 

The end of the war will not reverse all this. In 
many quarters, rather, it will intensify competition 
and the urge to improve production at the lowest 
possible cost. 

Molybdenum, Tungsten, and Boron have all been 
important to the war economy and each in its own 
way will be important to the economy of reconversion. 
The Molybdenum Corporation has prepared helpful 
information and advice on the most advanced appli- 
cations of all these three much-discussed elements 


MOLYBDENU 


on ALLOYS 


and the most approved techniques in using them. 
Correspondence is invited. 


AMERICAN Production, American Distribution. 
American Control—-Completely Integrated 
Offices: Pittsburgh, New York, Chicago, Detroit. 

Los Angeles, San Francisco, Seattle 

Sales Representatives: Edgar L. Fink, Detroit; H. C 
Donaldson &Co., Los Angeles, San Francisco, Seattle 
Works: Washington, Pa.; York, Pa 
Mines: Questa, N. M:; Yucca, Ariz, Urad, Colo 
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Method of Identification of 


Inclusions in Iron and Steel 


Originated by Wm. Campbell and G. F. Comstock (Proc. A.S.T.M., Vol. 23, p. 521) and 


Modified by C. R. Wohrman, Merrill Scheil and Miss M. Baeyertz 


Polish Specimen Carefully so as to Preserve Inclusions end Syncs Magni 
/maege on Ground Glass by Arc or Equally White Light Without Color Screen 


fied 


J. antes 


Gray or Black Inclusions 


| Inclusions of Warm Colors 


| Etch 10 sec. with 1096 nitric acid in alcoho’ | Unattacked’ } 
M 
4 Etch lOmin. in 20% 
Attacked: Removes 
Strongly Attacked _ Unettacked ZIRCONIUM NITRIDE 
LIME COMPOUND from fitch Smin. with 10% chromic acid in water Y [yellow cubes) and 
mold wash (rere) 1 corefu/ to observe that the polished Unattacked Inclusions | | Z\RCONIUM SULPHIDE 
' surface is wetted by the solution] in high chromium stee/s (tan crystals) 


7 


Weakly Attacked (slightly pitted or darkened) 
COMPOUND OXIDE: /e/ either Fed with FeS in so/vtion 
(usually accompenied by Fe0-FeS EUTECTIC /, or 
[6/ Fe0+Mn0 and other OXIDES in solution 
Note /: Octaheore/ crystals ere probably MAGNETITE. 
Note 2: Both [a/and [b) will be darkened further by 20sec. 
sulphur printing in water) end destroyed 
by etching with stannous Chloride es indicated below 


| £tch Smin. in boiling 10% KMnQ,, lightly repolish) 
¥ 


Unattacked Attacked 
CHROMIUM OXIDE (purplish gray by reflected CHROMITE 
light, green by transmitted light} Cre0z-Fe0, 
TITANIUM NITRIDE (ye/ow cubes) tropic; red to 
TITANIUM CYANO-NITRIDE (pinkish; strongly brown by trans- 
angular, easily pitted in polishing) mitted light 


Attacked 
FeS-MnS, rich in MnS. Note: Reaction not always Cecisive. 
Any unattacked FeS-Mn§ wil/ be blackened by next treatment 


Unettacked 
Note color: (1) Very faint pele grey,(2) Medium or dark grey, 


and etch 5min. with boiling alkaline sodium picrate 


T 
= 


Completely Blackened Partly Attacked Unettacked 


FeS-MnS, MnS below 50% 

(29 FeS-mMnS ,MnS above 50% or oestrayed 
OXIDE very rich in Mn0 

* Refer to color before etch 


(a) OXIDE rich in Mn0 (will be 

by stannous chloride) 

(b) SILICATE with some Mn0 ([wil/ be 
destroyed by hydrofluoric 


(or pertly attacked in previous treatments) 
etch 10 min. with setureted solution of 
stannous Chloride in elcoho/ 


Attacked 


IRON OXIDE or(if previously pitted) COMPOUND OXIDE 


Unettacked 
(or previously pitted] etch 10min. with 20% 
equeous solution of hyorofiuoric acid. 


y 


Attacked 


SILICATE (if previously pitted presence of Mn is indiceted / 


Unettacked 
Repolish and note color and form 


a 


r 
y 


If tine perticles,very dark color, difficult to polish without 
pitting end not elongated Ly hot work is ALUMINA 


/f color not especially dark, easily 
polished smooth without pitting 


7 


y 


Fairly large angular fragments, showing changesble bright 
spots es focus /§ changed,ere SAND GRAINS (in stee/ castings) 


Small angular particles, bluish in color probabil 
TITANIUM OXIDE (in titenium treated steels/ 


Supplementary Tests 


[np all instances check determinations in the light of the evidence of @ 


* Note: Suitable only 
for stainless steels 
with clean (unoxdited) 
surfaces. 


cereful chemical enelysis, end, whenever possible, by other methods, such as: 


— 


Sulphur Printing 
(for 20 sec. using 6 2% aqueous solution of HeSQz) 
(1) Dissolves al! FeS-MnS inclusions 
(2) Partly dissolves [pits] FeO containing FeS end 
OXIDES of other mets/s in solution 
(3/ leeves unchanged: \RON SULPHIDE ye//ow), 
pure IRON OXIDE (medium grey/, SILICATES (derk grey / 


Matweieffs§ Tests 
(8) Dilute terteric acid does not attack OXIDES or SILICATES, 
but colors MnS slightly and FeS decidedly 
(b) heat sample in hydrogen at 1600F., OXIDES are 
SILICATES end SULPHIDES are uneffected 


[c) Repolish[b), etch with dilute Fells in alcohol; if 
oxide perticles ere colored deeply they contein SO n 


Roh’S Test for Sulphides 
Short etch with 196 picric acid in alcohol, then temper to dark yellow. 
FeS turns oerk blue to reddish violet, and Mn§ turns dul/ grey to bright white. 
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FINE TOOL STEELS 


REG. U. S. PAT. OFF. 


YOU are invited to visit 
our modern Chicago Ware- 
house and check your Tool 
Steel requirements with us. 


Our Stocks are maintained 
at highest possible levels. 


There Is a Kloster “‘Pure-Ore”’ 
Steel for Every Tool 
and Die Purpose 


HUNDREDS OF TONS IN 
CHICAGO STOCK 


“Swed-Oil” Non-Shrinking Stee! 
“Hi-Run” Hi-Chrome Hi-Carbon Steel 
“Pure-Ore” Alloy Steel 
“Chiz-Alloy” Chisel Steel 
“Pure-Ore” D-C-33 Hot Work Steel 
“Pure-Ore"’ Carbon Tool Steels 
“Pure-Ore” Drill Rod 
Carbon and Oil Hardening 


As YOUR STEEL HOUSE 
we become your associate, 
assuming our share of your 
steel problems, and perform- 
ing a definite service in the 
conduct of your business rou- 
tine. Our Engineers are at 
your service, ready to analyze 
your needs and advise on ap- 
plications and heat treat- 
ments. 


“PURE-ORE” Steels are 100% 
Magnaflus inspected at our 
werehouse. 


Unfailing process control from 
Pure Ore first melt basic ma- 
terial to finished product 


SEND FOR DESCRIPTIVE LITERATURE 


ALL PHONES HAYmarket 3450 


KLOSTER STEEL CORPORATION 


SOLE PRODUCERS OF “PURE-ORE” FINE TOOL STEEL 


224-228 NORTH JUSTINE STREET CHICAGO 7, ILLINOIS 
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Oxide tactlusions 


G.M i Cc 


G.mM. \ B 


trouble 
ith surplus inventory? 


“a 


One way to beat the excess inventory problem is to buy 
nore of your present steel requirements from a 
Frasse warehouse. 

By buying only what you need for immediate pro- 
duction, you avoid leftovers and dead stock when cancella- 
tions, cutbacks or design changes occur. Frasse stocks of 
cold finished bars, tubing, stainless steel, alloy, and aircraft 
scccls and tubing are in good shape. By ordering from 
Frasse as you go, there's no surplus bogey to fear on 
ancellation day. 


Why hamper your future operations with heavy, 
nwicldy surpluses that can be prevented? Start reducing 


urs today by using Frasse steel inventories instead. 


ND AIR 


SEAMLESS MECHANICAL AND AIRCRAFT TUBING - COLD FINISHED BARS - ALLOY STEELS 
AIRCRAFT STEELS - DRILL ROD - STAINLESS STEELS AND TUBING - COLD ROLLED STRIP AND SHEETS - WELDED STEEL TUBING 


A. frasse © Co, Inc. 17 Grand Street, NEW YORK 13, N. Y. (Walker 5-2200) + 3911 Wissahickon Avenue, PHILADELPHIA 29, Pa. (Radcliff 7100-Pork 5541) 


Hox 946, BUFFALO 5, New York (Washington 2000) + JERSEY CITY + HARTFORD 
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by Edgar C. 


tMoying Elements in Steet 


: at popular dream of tomorrow’s 
: ‘ter world is not all fantasy. Many 
> f'ors that must shape it are already 
ablished—they are fitting them- 


es together, bit by bit, in an un- 
Stakable pattern. 

‘rious war perfected materials, for 
tance, wil] inevitably change the 


“rican scene. lake N-A-X HIGH 


“l from 


te 


ida 


SILE for example. Its amazing 


1942. 


Rew 


strength and toughness will certainly 
mean lighter weight, less bulky, more 
durable products of peace—more effi- 
cient, more economical planes, trains 
and motor vehicles—better, less ex- 
pensive furniture, home appliances and 
other everyday items that will form 
our future. 

N-A-X HIGH TENSILE and N-A-X 


9100 SERIES STEELS are now em- 


ployed in practically every type of war 
equipment. This wide battle applica- 
tion is indicative of their great versa- 
tility—their phenomenal strength, 
toughness and resistance to impact and 
fatigue—their superior formability and 
fabricating efficiency. 

And these are the prime ingredients 
with which to build important paws 
of a new and better world. 


GREAT LAKES STEEL CORPORATION 


DETROIT (re). MICHIGAN * SALES OFFICES IN PRINCIPAL CITIES 
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Iron, Iron Carbide Equilibrium Diagram 


{pproximate Iron-Graphite Diagram in Red 


2795°F. Delia [ron in 
2800 [LU535°C) |_| Mother Liquor MOLTEN ALLOY 
J B 
Delia Iron Ny 
26 Z 
N F-2535°. 
| “aN Mother Liguor 
| 
Austentie; ; Grephi te fute tic free 
2000 of Carbide in Solidus; Cementite Eutectic Freezes 
Gamma [ron as | | 
| 
Magnetic Q ox Weg 
| 
3§ 
Ss Pearliie 8| | | Pearlite Cementite,Pearlite | 3| 
and and and Transformed — 
88 Ferrite Cementite | | Ledeburite | 
| | Max. Change in Magnetism — ++ 
8 | : of Cementite on Heating | 
| 40°F. (210°C) | 
of 
Q | | ne | | 
4) 2 4 
0.5 
Irons Per Cent Carbon 
>| —— — — — Steels — — —— — ——— — 
Handho 


Except as noted hereafter, 
by courtesy of The Engineering Foundation from 
diagrams published in one of the Alloys of lron Mono- 
“Alloys of Iron and Carbon,” Vol. | on Consti- 


graphs: 


tulion, by Samuel Epstein, 


Delta iron region and solidus’ by Frank Adcock, 
Journal of the Iron and Steel Institule, 
Forging and heat 


treali 


lines are reproduced Recommended Practices, 
Solidus in 
Kaya, 


Imperial University, 1925 


Ar, according to Hoyt and Dowdell. 
for cooling rates of 1° 

Line GPQ according to J. H. Whil 
1936. 


Common Alloys,” 
1937-1. 


temperatures from Iron and Steel Institute, 


ing 
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lron-Graphite System 
Hlunda and Endo, Science Reports, 


and 1927. 
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HIGH SPEED STEELS 
for CUTTING TOOLS 


] ' Exacting metallurgical control and 


. of Tool Steels make it possible for 
LATROBE to produce the highest 
quality in molybdenum high-speed | 


years of experience in the manufacture 


will gladly help you on 
t problems of heat treat 


‘ : steels. @Compare the analyses of 
- * Pa these four steels and note the 
. range in tungsten, molybdenum 
Bacn of these steels and vanadium content, thus 
ossures you of Latrobe's dis- affording the user the char- 
tinctive qualities — superior 4 acteristics of toughness and 
heot-treating properties and al abrasion resistance neces- 
longer tool life. Each is 7 4 sary to meet the require- 
ideally adapted to its por- 7 ments of varying metal- 
neulor use. 7 
4 Our service department 


ment, selection or 
application Write 


\ 


Cc Cr WwW Mo 


q 

88 — 800 190 A. | 

Cc Cr Ww Mo Vv | 

115 410 6.15 6.15 310 | 

- 


ELECTRIC STEEL COMPANY 


MAIN OFFICES and PLANT PENNSYLVANIA 
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Properties of Important Wrought Chromium-lran Alloys 


Revised 1945, from data furnished by US. Stee/ Corp, Electro Metallurgical Co.,and Commitee A-10,A.8TM 


Nominal Alloy 5% 12 YeCr Cutlery 17 Yo Gp C7 CP 
Al Type No. — 502 410: 416 420 450 446 
Chemical composition = | 
Chromium 175 to225| 4to& 8 tol0 10 to 14 12 to 14 to 18 23 to 27 
Molybdenum a6 Qs (O86 mex) (Q5 max. Ni) (10 max. Ni) 
Mn (max) 065 Q50 as O55 Os 1s 
Carbon Qismex| Q10t0020 OW mex. 030 to 040 max O35 max 
Specific gravity 
Lb. per cu. in. 0282 Q28 Q278 Q277 0273 
(Mild steel=100) 099 100 098 O98 ag98 0.96 
Resistance at 70°F 
Micrapms percoms | — 35 — 57 60 60 67 | 
(Mild steel=100) _— 52 — 52 5.5 55 61 | 
Melting range, F 
Top —_ 2800 —_— 2790 2750 2750 2750 
Bottom —_ 2700 —_— 2700 2580 2700 2700 
Structure (normal) \Pearlitic| Martensitic Martensitic Martensitic Ferritic Ferritic 
or Ferritic 
Magnetism 
Ferromagnetic Yes Yes Yes Yes Yes Yes Yes 
Perme+ As annealed — — 
ability Cold worked JO%— — — 
Specific heat 
(Mild steel=100) 10 10 10 10 1} 10 17 
Thermal conductivity 
*Cgs.unitsat 1007 | — 0.0874 0.0595 0.054 0.0595 0.0500 
(Mild stee/-100) 0.73 Q50 O45 G50 042 
Cg.s. units at 500%. | — 0.0804 0.0686 — 0.0624 0.058! 
Thermal expansion 
per Fx 100Q000 
From 32 to 212 F 6.2 62 61 57 5&8 5.9 
(Mild steel=100) _— 0.94 0.94 0.93 0.87 0.88 0.90 
From 32 to 952 F 
Mechanical Pro- BSS BBS 8 | 
perties at Room |\Anneated| Annealed) \Annealed| Annealed | 8 | & 
It 
Jemperature gee 388 § 
Tensile strength, 1000 psi\ 60 to 70 | G5 to8S 175 70 to 8? | 65 to85 | 90 to 180\ 90 | 70t080| 9010110) 75to95 
Yield strength, 1000 psi.\ |\30to60| 35 to45 | 35 to4#5 | 70toi60| 65 \200toZ20\40t050| 80 50 to 60 | 55 to™ 
Elastic modulus,l08psi | 29 29 — 29 29 
Elongation, % in 2 in. 901030|45 to35| 172 |40t025|355t025 | 25tols | 27 5  |30to25| 25to8 |30t020 | 25 
Reauction of Aréa, 65to45 |75to60| 60 70to50\ 65 65 to4s | 59 7 75to50;| 70 601050 | 55 toa 
Impact, ft-lb, Charpy —— 45 — — aoe? 
/zod — |75to85| 32 90 |100t060\ 20t030|}65| — | — | — 
1000 psi 43 55 | 50 34 50 50 oe 
Hardness, Brinell 130 to 160\135 to 180} +300 to180\135 to 165 | 18010 190 | 480 175 197 160 to 190 
Rockwell — C-24 B-80 — |B90| C54 B80 | B-97 B-85 
Erichsen value, mm. — — — 7to8 — | — 
— 1450 —. — — — 
Olsen value, In. 0375 to0. SO 
Stress in psi 000% | 11,000 9,000 11,000 12.000 4,500 8,500 6,200 
causing 1% }|1100 5,500 4,500 6.950 4.700 1,700 5,000 UK 
‘creep” in \1200 | 3,000 2,100 2,400 2,200 1,300 2,100 400 
10.000 hr at \ 1350 | — 1,000 4a 
Scaling temp, 1100 1,150 1200 1.250 1250 1,550 2,000 
Initial forging temp, \ 2200 2/00 to 2200 |2000 to 2/50 |2000 1900 ta2050 | 
Finishing temp, °F 1500 | {500 to1600 | 1600 4500 1750 4500 
Annealing treatment t ttt ** Cool fram | Air cool from | Rapid 
1450 to 1550 | 1400 to 1450 L450 


* Thermal conductivity is measured as Calories Per $Q.C™M. per sec. per °C Per CM. 
tt Oil quenched from 1850 and tempered 
ax Furnace cool from 1550 to 1100 %, or air cool trom tong heat at 1250 to 1350 °F 


xxx Cool from 1325 to 1375 or slow cool from 1600 to 1675 F 
525 to 


ere 
+ Furnace fram 


1620°F 


4 - — —— - —— - - - ~ - - - 
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T. avoid quenching cracks and at the same time insure a thoroughly 
effective quench and maintain specified physicals, more and more engi- 
neers are finding it desirable to order alloy steel to maximum and mini- 
mum hardenability ranges. 


These maximum-minimum ranges, based on standard end-quench 
hardenability tests, have been Sonal 
charted for some 4100, 4300, TENTATIVE HARDENABILITY BAND 8742 H 


Ca. Mo. 


4600, 8600, and 8700 types of =i ==> 
steel, and acceptable figures are 
now available in booklet form.* = 
Each chart is based on a study of — 
many heats representative of the | : == 
entire steel industry. 


The practical value of band 
hardenability is best illustrated by 
a specific example, as follows: 


Suppose your experience has in- 
dicated that a 12-inch round, oil- 
quenched, must show center hard- 
ness between Rockwell C 45 and 
C 58 to successfully pass manu- 
facturing operations. A check of 
approximately the 7/16-inch point 
wil show that Analysis 8742H 


= = 


(H for hardenability) is the one 2 4 6 6 10 i2 14 16 16 20 22 24 26 26 30 32 
to order. DISTANCE FROM QUENCHED END OF SPECIMEN - SIXTEENTHS 
Courtesy AISI and SAE 


Nie. 


—-4 


ROCKWELL HARONESS C SCALE 


BETHLEHEM metallurgists have had an active part in the standardization BETHLEHEM STEEL COMPANY 
of maximum-minimum hardenability values established for the industry. BETHLEHEM, PA. 

Our technicians will be glad to work with you and your staff on practical Bethlehem Steel Export Corporation 
applications of these findings. New York City 


* * * * * 


*"Contributions to the Metall of Steel, No. 11,” 
published the American and Steel In- 
stitute and the Society of Automotive 
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Properties of Important Wrought Chromium-WNickel-Iron Alloys 


Revised 1945, from data furnished by US. Stee/ Corp, Electro Metallurgical Co, and Commitee A-10, ASTM 


Nominal Alloy 18-8 18-877 | 18-8Cb 18-12Mo 20-12 24-12 25-20 18-26 
AISI Type Na | 327 3497 3/6 508 309 310 
t 
Chernical composition | 
Chromium I7tol9 | 17 16 to 18 19-22 22 ta 24 241026 | 
Nicke/ 8 ta/ott 8toll | Gtol2 10 tol4 10-12 12 to ls 19 to 22 4 
Mn (max) 125 200 | 200 250 200 200 200 max 10 ma 
Carbon 008 taQ20 O10 max. max. Q25max. | 025 me 
Others \74xC | COIOxC — 
Specific gravity | 
Lb per cu.in 0.288 | a286| O29 0291 0287 Q29 0285 | 0280 
(Mild steel*100) 102 | 102 103 101 107 1.0) 099 
Electrical resistance at 70% 
Microhm per cms 72* | 72 73 74 — 78 80t 102 
(Mild steel-l00) 66 66 &7 &8 — 75 93 
Melting range, F 
Top 2590 | 2600 2550 2590 2650 2650 — 
Bottom 2550 | 2550 2500 2550 2550 2550 — 
Structure Austenitic \ Austenitic Austenitic Austenitic Austenitic Austenit, 
Magnetism | 
Ferromagnetic — — Trace 
Perme- { As annealed 1003 | 1003 102 1003 — 1003 1003 — 
ability Cold Worked 110 to 70 — 110 to 10.0 
Specific heat | 
Cas units, 0 tol00TC Ol2 Ql2 Ql2 O14 — 
(Mild stee/=100) 17 17 17 13 — 
Thermal conductivity | 
units at 0 0388 | 00385 00372 0039 003 to 004 0.0330 
(Mild steel=100) 033 G32 0316 033 025 to 035 0280 — 
Cgsunitsat5007| | 00528 0.0499 — | — 
Thermal expansion | 
per Fx 1000,000 | 
From 32 to 212 °F 95 \ 93 89 96 83 80 88 
(Mild steel =100) 144 140 135 145 126 21 133 
From 32 to 932 °F 102 \ 102 97 — 96 2 93 
Mechanical Pro- Cold Cold Cold 
perties at Room |Annealed | Worked | Aanealed | Annealed | Worked | Annéaled Amealed | Worked | Annealed | Anne 
Temperature (Type 301x) 
Tensile strength, JOO0 psi, 80 tol00| 150to300| 75to95 | 80to95 \140t0200| 70t0 90) 90 tol00)110 t0270 | 80 toll0 | 90 
Yield strength, 1000 psi | 30to4S \130t0275 | 30045 35 120 to 180 | 30 to 60 40 65ta230| 351055 | %t 
Elastic modulus, 10 §psi 28 26 to 28 a 28 —— 28 29 350 | J 
Elongation, % in 65to45 | 20to2 601095 | 65to50 | 75to50\ 55to35 IS to 3 60 to4ds | 
RBeauction of area, Yo 70ta50\ 55tol10 65to50 | 70to55 65 70 to 45 60to50 | S55to020 60 ta50 | 45 
Impact, ft-/b.; Charpy 90 to 60 80 80 — 90 to 60 — 80to70 | — 
/z0d 110 ta 75 50 to 20 100 100 to 6&0 | 
Fatigue | 85 45 39 — | — 42 — | 
Herdness, Brineil 150 to 160 | 365 to 410 | 135 to 149 | 135 to 165 — 135 to 185 | 150 ta 185 170 to 375 160 
Rockwel/ 575 to80 | C-36t0o50 B-75 B-7Ato 90 |\C-3010 38 B-80tc90\| B-80 a 
Erichsen value, mm. 10 to 14 — 12 12 —- 7to8 — ol 
347 | 
Stress in psi | 14000 8,000 19,000 | 23000 17.000 17,000 
| 200 7,000 7,800 9500 | 10,000 8500 g000 | — 
in 11550 2,500 5,600 4,000 | 5,500 3,500 5300 | — 
70.000 hrat| 1300 850 850 —— 2,000 1,000 7, 100 
Scaling temp, 1650 1650 1650 1650 2000 200k. 6. 
intial forging temp, 2000 to 2200 2100 to 221 — 2000 to 2150 —\2000to 20: 
Finishing temp, F Not uncer 1700 Sameas 18-8 As for 18-8 Not under =| BO0t0 | 
Annealing treatment Heat at 1950 t Sarr 1950 ta 2050 F —_ Heat at 2000 to Samegs |e 
2050°F and Guench ang Quench 2100°F and Quench | for 


Electrical resistance of coid worked 18-8 ranges from 70 ta 82 micrahms per cm cube 


* * Jhermal conductivity 1s measured as calories per sq.cm. per sec. per °C per cm. 
t Jype 301X is the colid-worked sheet for light weight structure 


tt for spinning purposes Ni is sometimes specified 10 to 12% 
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IT THE MARK 


CONTROLLED STEELS 


All Aristoloy steels are Electric Furnace because only in 


the electric furnace can the steel maker have the preci- 
sion-control necessary to hit the specification mark with 


consistent accuracy. 


No other method can assure the consistent accuracy 
of predetermined physical properties or the close control 


of chemical analyses. 


COPPERWELD STEEL COMPANY + WARREN, OHIO 


CARBON TOOL STEELS - ALLOY TOOL STEELS 


AIRCRAFT QUALITY 


STAINLESS STEELS 


STEELS - NITRALLOY STEELS 


* BEARING QUALITY STEELS 
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THE ELEMENTS 
are shill 


@ Metallurgical skill plus the determination of 
Rotary’s steel men are teamed in the war 
production of electric furnace alloy steels. 
Ten years of continuous progress made Rotary 
ready to meet today’s demands with — 


Quality Steels for Aircraft... Guns 
..+ Bearings and General Ordnance 


Application Ingots ¢ Billets * Bars 


Complete Facilities for Cold Finishing, Anneal- 
ing and Heat Treating 
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OFFICES 
CHICAGO 
CLEVELAND 
INDIANAPOLIS 
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B. 
or 0.15 te 
special 


x1340 

ighuy 
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by WP 
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ed silico 
either 


ted 
OF special require. 


teat 


Imax. 0.06max 
Imax. 0.06max 
imax. 0.06max 
mnhearth steels, silicon 
per cent 


given for quality differs slightly 


When silicon is specified in standard basic 


ergenc 


jesignation promulga 


Q is forging qualit 


0.08-0.13 
0.04-0.07 
0.05 max. 
0.05 max 
0.05 max 
0.05 max. 
0.20-0 29 
with spe 


20 
0.045max. 024-035 


In the case of many grades of basic openhearth ste¢ 


ification including silicon. 


0.09-0.13 


*Compositions given are for forging quality; re-rolling quality differs 


analysis 


0.045 max. 
0.045 max. 
0.045 max. 
0.045 max. 
0.045 max. 
0.04-0.07 


ment quality 


R is re-rolling quality billets. 


NE National Em: 
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are not furnished 


tStandard steels C 1140 and C 1145 may be ordered with silicon cor 


as 0.10% 


0.60-0.90 
1.35-1.65 
1.35-1.65 
0.70-1.00 
0 25-0 40 
0.70-1.00 


1.35-1.65 
1.35-1.65 
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0.37-0.44 
0.37-0.45 
0.40-0.48 
0.42-0.49 
0.08 max 
0.14-0.19 


0.27-0.34 
0.32-0.39 


Wire 


finish Bars Rods 


“ 4 on 


sulphurized or phosphorized steels are not subject to ch 


Basic Openhearth and Acid Bessemer Carbon Steels 
— 


basic openhearth carbon steel. 
acid openhearth carbon steel. 
electric furnace steel. 


Note 2: Acid bessemer steel is not furnished with specified silicon content 


*Compositions are 
max.. 0.10 to 0.20%. or 0.15 to 0.30%. 


in analysis 
Note 1 


C000000C A 


oo 


Als 
Bis 
Cis 
Dis 
Eis 
Semi- 


C89 © OALLTA 


practice is necessary in order to comply with a s 


(b)—Phosphorus and sulphur are maximum for basic openhearth 6 
semer steels; 


for S or P 


d Carbon Steels 


Notes: Acid bessemer steels (B series) 


content 


Alsi 
Number 


orize 


° ° ° 

“~~ 
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0.10 min.Vv 
0.15 min. V 
0.15 min. Vv 
0.15 min. V 
0.10 min.V 
118 


332333 


X1315 
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2222 22 


eeee RRR SSSSS 
223 33322 


$8222 2223 828 22222 


$4233 32423 243 12313 2 


aor 222 - 
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| < 4444 


0.24-0.33 
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0045 max. 0240.33 


0.045 max 


0.075-0 15 

010-0 15 

0.16-0.23 
0.045 max. | 

0.08-0.13 

0.16-0 23 

0.08-0.13 

0.08-0.13 

0.08-0.13 


40 0.70-0.90 


110-140 0.70-0.90 
1.65-2.00 0.90-1.20 
Sulphurized or Phosph 


1.10-1. 


045 max. 
045 max. 


0.045 max 
0.045 max. 
0.045 max. 
045 max. 
.045 max. 


0.09-0.13 


2200 


323322222 222 28282822222223 2228 


33 
| $332222222 222 28282822222228 2228 


2222800 


22 222222 2888 22222 222 


sed Feb. 1, 1943 


1.00-1.30 
1.30-1.60 


silicon is 0.15% min. 


8282282 22 £22222 8888 222 


23 222222 223% 22372 


R 


0.14-0.20 
0.14-0.20 


(Blooms, Billets, Slabs, Bars and Hot Rolled Strip) 


Wire 


Semi- 
Number finish Bars Rods 


SSSSSSSS SS SSS 


steel is 0.05% each 
ulphur range: 0.035 to 0.050%. 


RKSS 


<<<a< 


222008 


aie maximum reetomy or sulphur content for acid openhearth or acid elec- 


*Lowest 
tric furnace allo 
NOTE (a) 


0.38-0.45 0.40-0 60 0.040 0.040 0.20-0.35 


EB 3310 0.08-0.13 045-060 0.025 0.025 020-035 3.25-3.75 


< 


Openhearth Alloy and Electric Furnace Carbon and Alloy Steels 


Alsi 


< 


CODE FOR PREFIXES 
tions 
asic openhearth alloy steel. 
beasemer rhon st 
= = = — 
Alsi "42 SAE 
Number Ni Cr Mo Number 
2315 
| 40 2330 
40 OS5-O0.75 3130 
38-0.43 0.70-0.90 0.040 0.040 ¢ {=e 
A 3145 043-048 070-090 0.040 0.040 3145 
A 
ae 
33 
0 0.040 020-035 1 
ae it. 0.60-0.80 0025 0025 020-035 1 
¥ 0 ax 025 max 1 
3 
35 
a 35 
$2 0.20-0.35 
. $2 0.20-0.35 
A 6 0.20-0.35 
E 6 0.20-0.35 
Aé 0.20-0.35 
2 
c Mn (>) (>) 
Bi0e — —  $©09max. ©50max. 011 max. 0.04-0.09 | ons 
cue — 0.08-0.13 050-070 0045max. 0.07-0.12 
1109 e v v 008-013 060-090 0045 max. 008-013 | 
B i110 Vv O13 max. O0.60max. 06.11 max. 0.045-0.075 
cum 0.08-0.13 060-090 0.045max. 0.10-0.15 | © 11403 
Bil — v 008-013 060-0909 009-013 010-015 ca 
cui — Vv 008-013 060-090 0045max. 0.16-0.23 © 100 
v 008-013 060-090 009-013 016-023 stake 
— v v 0080.13 0600909 0.06-0.10 
1113 Q v 0.10-0.16 1.00-1.30 0.04-0.07 
C12 @R 018-023 060-090 Eas 
1121 3 0.18-0.23 0.70-1.00 
1122 v v 0.17-0.23 1.35-1.65 
D 
Detroj 
69-4144 
P 


: Chicago Los Angeles, Calif. Tulsa, Oklahoma 
nora Steel Foundry Company Utility Electric Steel Foundry Oklahoma Stee! Castings Company 
East 92nd St. SAGinaw 9600 3334 East Slauson Ave. Kimball 4185 1200 N. Peoria. 5-9286 
Detroit, Michigan Houston, Texas Butfalo, N. Y. Front and Millard Ave. POntiac 1545 
Detroit Stect Casting Company Texas Electric Stee! Casting Company Strong Steel Foundry Co. 


83-4140 Mich, Ave., 


Working The Squeezer Machine 


This molder is making a small steel casting 
on the “squeezer” machine. He is contented not 
alone because he is a skilled craftsman with a 
profession, but because steel foundries do pro- 
vide modern facilities for the efficient production 
of sorely-needed castings. 


You know there is an urgent need for help in 
making small castings. The manpower shortage 
in the steel foundries is severe, and the call is 
out for skilled and unskilled workers—now. 


But, in the meantime, such men as this skilled 
molder are carrying through the production of 
the steel castings you need in your war-essential 
equipment. From the careful melting of the 
proper alloys,to the final cleaning and finishing 
operations on the steel castings themselves, your 
steel foundries are delivering quality and 
service. 


Remember the advantages of steel casting 
design in your own plans for war or postwar 
equipment. One of the steel foundries listed on 
these pages will be happy to show you how steel 
castings will do the job more efficiently and more 
economically. 


LAfayette 5710 Bringhurst & Gillespie. Fairtax 8117 51 Norris St. Riverside 2700 


steel 


Toledo, Ohio 
Unitcast Corporation, Stee! Casting Div 
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od Some of the things 
you should know about 


POWERED 


ELECTRIC FORGING 
FURNACES 


Metals and alloys of all types are uni. 
formly heated—clean and scale free 
Under proper conditions of furnace chamber 
atmosphere, steels are heated without de- 
carburization and the grain structure of the 
metal retains its desired characteristics. 


“Globar” powered electric forging furnaces 
bring to you these five benefits: 


1. Improved quality of forging. 


2. Refractories in electric forges last years in- 
stead of weeks. 


3. Makes possible a clean, well-lighted forge 
shop. 


4. Increased production per furnace and pe 
man. 


5. Elimination of rejections due to burning 
carbon spots—improper filling of die due « 
uneven heating. 


There are other benefits we would like to tel 
you about—write and tell us when we 
discuss them with you. The Carborundu 
Company, Globar Division, Niagara Fall 
New York. 


-_ 


This 125 KW rotary hearth “Globar” equippe 
furnace is one of eight such furnaces which wert 
manufactured by Sylvester and Company, Cle 
land, Ohio and have been in service over ' 
years. Continuous conveyor and batch type forgms 
furnaces by Sylvester have also established pr 
duction records in the war effort. 


, CARBORUNDUM 


TRADE MARK 


(Carborundum and Globar are registered trade marks of and indicate manufacture by The Carborundum Company 
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The Modern Bearings 


@ The latest liquid-cooled and the latest _‘tributed its share to this advance. Bunting 
air-cooled aircraft engines, the various Cast Bronze Bearings are manufactured in 
U.S. Army trucks, two famous British stock or special dimensions, to standard 
artillery pieces—all have one thing in com- or precision tolerances. Write for catalog. 
mon. They contain more sleeve bearings Factory Finished Tubular and Solid Bars 
than bearings of all other types combined. of Bearing Bronze are available for your own 

The war has stimulated advances in manufacture of special bearings. Ask your 
sleeve bearing design and manufacture, wholesaler...The Bunting Brass & Bronze 
making the sleeve bearing successful where Company, Toledo 9, Ohio... Warehouses 
other types have failed. - in Principal 

The Bunting organization has con- Cities. 3 


BRONZE BUSHINGS vy BEARINGS = PRECISION BRONZE BARS 
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Photo Courtesy National Smelting Co., Cleveland, Obio 


ELIMINATE OXIDE INCLUSIONS 


ROM ALL YOUR ALUMINUM ALLOY PRODUCTS 


iginally devised for aluminunt rolling mills and con- 
nuous casting, the Ajax-Tama-Wyatt induction melting 
urnace has been adopted for the widest possible range of 
ses today. 


\ 


mall, compact twin-coil foundry units are now available! 
Plants using these furnaces have invariably developed vastly 

reased physicals in rolling mill, die cast, or aluminum 
foundry products with decreased gas absorption, 
sence of all segregation, and elimination of oxide inclu- 
ms and hard spots. That is a significant statement, well 


ID Inve stigation. 


trary to traditional thinking, metal from this furnace 


AC ae \ THE 
AJAX 


Induct TAMA-WYATT 

urnace is Vastly Increased 

on Display ASSOCIATE AJAX METAL COMPANY, Non-Ferrous ingot Metals and Alloys for Foundry Use Physicals i 

Aj Bo AJAX ELECTROTHERMIC CORP. , Ajax Northrup High Frequency induction Furnaces sicals in 
jax Booth COMPANIES AJAX ELECTRIC CO., INC , The Ajax-Hultgren Electric Salt Bath Furnace Aluminum 
C3301 AJAX ELECTRIC FURNACE CORP., Ajax Wyatt Induction Furnaces for Melting Products! 


INDUCTION MELTING FURNACE 


may be cast directly into molds without necessity of a 
“holding” furnace of any sort. 


Clean-cut temperature control, great ease and simplicity of 
handling are operating characteristics. The furnace gives 
you a cooler foundry and a better product. Write for the 
TW group of bulletins. 


Remember, Ajax-Tama-Wyatt units are the only induction 
furnaces ever built with the precise nature and metallurgical 
properties of aluminum specifically in mind. Arrange to 
visit our plant to run your own experimental heats where 
desirable! 


See us at the Metal Show, Cleveland, this year 
AJAX ENGINEERING CORP., TRENTON 7, N. J. 


Learn Why 
Other Plants 
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Vetal Progress: 


are use 


A 


Othcul U.5. Navy Photo 
FEDERATED B INGOT METALS AND 
rass an Bronze A oys WHITE METAL ALLOYS. 

, PRODUCED BY FEDERATED 
* Bare used in ever increasing amounts Federated brass and bronze alloys are aa” 

bythe builders of these and other “‘axis of uniform high quality due to ad- BRONZE 

eradicators”’. vanced technical knowledge and preci- 

sioncontrol of metallurgical processes. SABBITT 

rom periscope to torpedo, the sub- TYPE METAL 

marine is a precision built instrument Federated Metals will meet your re- ZINC DUST 

of destruction. It is essential that its quirements and save you money. Your All of these in standard specifi- 
OH Oosticuent metals be above reproach inquiry will receive prompt attention — Special alloys to your 
} Be quality and uniformity. from the Federated Office nearest you. ——e 


METALS DIVISION 


120 BROADWAY, NEW YORK (5) WN. Y. 


Nation-wide service with offices in principal cities 
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Etehing Characteristics of Constituents in Aluminum Alloys 
By Research Laboratory, Aluminum Co. of America 


Reagent 


CO% SQ, at 70°C, | C5 %HNO, at 70T, 10% at 70T, | 

immerse specimen | immerse specimen | immerse specimen \C5%lINO,, immerse 
for JO seconds, for 40 seconds, for 5 seconds, | specimen for 15sec. 

quench in cold water \ quench in cold water | rinse in cold water | rinse in wermwate 


Constituents| Sweb for 1%Ne0H Swab for 
15 seconds, 10 seconds, 
wash in coldwater wash in ruaning weter 


Outlined. Outlined Outlined. Outlined Outlined 
Silicon Unattacked. Unettacked PR Unattacked. Unettacked. Unattocked 
(olor lightened. Glorslightly lightened. Color lightened. Qlor lightened. Color lightened 
Outlined Ou 
utlined. e particles Lined. Outhined. 
Colored bright blue. | unchanged | lored brownorbleck.| jightened. _| Colored brown 
have 8 blue color. 
Qutined Partof Outlined Dart Outlined! Pitted 
CuAl - Gnstituent Gnstituent Constiwent Colored brown or black. li Gas “ituent 
light and clear. hight and clear. light and cheer. and Cer. 
.. Not Outlined Attacked vigorously Heavy attack, 
Uncolored. Some pertiches ond Uncolored. Attocked by pi tting 
Slightly darkened. Outlined: Outhined tine’ 
iz lorge primary particles. Slightly darkened. improved. Glored deep brown. Slightly attacked 


Outhned. Heavily outlined 


Outhined. Outlined. Outiined. Attacked. 
a A-fe-Si QGntrast with FeAly Darkened end 
Not colored. Not colored. Bisckenedend attacked. inoroved. Blackened. 


Outlined. Outlined. Outlined. Outlined. Outlined. 
B Blackened andetiacked Uncolored. Sightly darkened Uncolored. Slightly darkened Slightly darkened 
Unettacked. ond pitted. Unettacked. ottacked. and roughened. 


Outlined Attacked. Colored Outlined. Not Outlined. Outlined 
Al-Mn Wy Gortened brownish or bluish Uncolored. Unattacked Colored blve or brown. Unattacked. 
gy ‘ | but coloringis uneven. Unattacked. Uncolored. Uncolored. 


Outiined. Outlined. Outlined. Outlined. Qlored ble Qolored b 
Colored Darkened slightly. Derkened slightly. Uncolored. 
blue end brown. Not colored. Not coed * Unattacked. fo deep brown. fo black 


MAls 


Outlined. Outlined. Outlined. Outlined. 
Gometimes bluish) Uncolored. Uncolored. brown to dive. Dorkened Te 
Outlined. Outlined. Outlined. Baackened. Outlined. Outlined 
Unettacked Sightiy darkened. Shghtly darkened Some particles Unettacked. Some large particles LOOK, 
Derkened. Not attacked Not attacked. dlssolved. Uncolored. stained unevenly. uge. 
Reyno 
Outlined Outlined. Outhned Outlined. Outined. 
a Atli-fe Blackened. Unettacked. Unettacked Unettacked Blackened. Blackened Ref. 
Uncolored. Uncolored. Uncolored. Attacked. if 
a 
Outhined end uncolored. 
Outlined. Outiined. f shi 
Outlined Often show blackcores| cp Pitted. Outlined 
Sighty darkened. | hicharg probably darkened. | Cored light brown. Bleckened stamp 
nines 
Outlined. lored Outlined Outhned 
light brown to black. Outlined. Outlined. Outlined. 
Al-Cu-Fe-Mn\ appears Uncolored Bleckened Uncolored. isual-| 
Outhned. Colored Outlined. Outh row’ 
At br lack ined. Appears Outlined. utined. Ovtiined row's | 
| | | | apears ough, | Attacked. sighty covert 
roughened. Slightly derkened gy ened slighty. not changed. 
are 
Outiined. Outlined. Outlined. Qlored brom baffle 
Al-Gu-M Qutiined Outlined. Attacked Attacked Unattscked Aleck maffies 
Blackened: Qlored light Grown. Blackened. Blackened. Qlored brown. to ever 
itted 
Outlined Outlined. OQutiined. Blackened: | brownte blue they ar 
Olored the. Outiined: Qlored bwe. Unettecked Attacked and hed 
Heevily outhined. Qlor unchanged. Roughened Uncolored, roughened. M the flow 
ly arou 
Outlined Outiined. OQuttined. Outlined Asche. 
Outhned. It w 
Al-Go-Mn Attacked. Unettacked. Unattacked. Attacked. 
Blockened. Uncolored. Qlored light brown. Uncolored. Blackened. from th 
\ 
Outlined. Outlined Outhned Qutined 
CA, Unettacked Unettocted Unettacked. Unattacked. Colored blue 
Uncolored. Uncolored. Uncolored. Uncolored. to brown unevenly. 
Smell pertiches ‘ined 
Not ovtiined. Outined. Not outlined. 
Colored vit brown. Unettecked. Unattacked. Unettacked. Colores ght brost 
Uncolored. Uncolored. Uncolored stained al! colors. 
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To cool America's 


LOOK, for a minute, inside the 
uge, blocks-long Plant No. 14 of 


Reynolds Aluminum... 


Before you spreads out a strange 
ind fascinating sight . . . sheets 
{ shining aluminum are being 
stamped by batteries of huge ma- 
hines into queer, exciting shapes 
--some that remind you of un- 
sual-looking pudding molds... 
ther shapes that look like tomor- 
row's kitchen utensils, 


These strange shapes of aluminum 
are known to airplane technicians as 
vaffies—and they are vitally essential 
‘o every air-cooled warplane engine. 
Fitted around the engine’s cylinders, 
they are carefully designed to catch 
the flow of air... to circulate it even- 
'y around every cylinder. 


It was in answer to an SOS call 
me the engine-makers that Reynolds 
vuminum went into production of 
baffles. “We've hit a 
bottle-neck,”’ said the 


manufacturers. You peo- 
ple have broken other 


REYNOLDS ALUMINUM: 


sky horses —Aluminum takes strange shapes 


bottle-necks in the industry—can you 
turn out baffles for us?” 


Just to set up a plant of the size 
needed was a monumental job. It 
meant precision sheet metal work to 
extremely close tolerances. Stamping 
machines had to be assembled from 
the four corners of the country; heat- 
treating equipment had to be built; a 
special conveyor system designed. But 
five months after that SOS was re- 
ceived, the Reynolds plant was put 
into operation. Already the number of 
baffles turned out for America’s war- 
plane engines runs into the millions. 


A PROMISE FOR TOMORROW 


After the war, the giant machines in 
this huge plant can quickly be turned 
to producing better, more efficient 
pots and pans than American women 
have ever known. But for the present, 
Reynolds Aluminum is concentrating 
on “the future that counts most” — 
that time between today and the day 
of complete victory for our forces. 


REYNOLDS METALS CO. 
Aluminum and Parts Div., Louisville 1, Ky. 


IN THIS REYNOLDS PLANT airplane engine 
baffles by the million are turned out from sheet 
aluminum rolled in other Reynolds plants. 


REYNOLDS ALUMINUM BAFFLES fitted around 
the cylinders of the powerful Pratt & Whitney engine 
on these Grumman F6F Hellcat planes catch the air 
that keeps the engine cool, efficiently operating. 


THE MIRACLE of Reynolds Aluminum is 

portrayed in unforgettable fashion in the 

new sound movie, “A Recital of Faith.” 

Itshows how Reynolds scrapped all prec- 

edent and created a huge new source of alumi- 

num, to speed Victory and provide an abundance 

of low-cost alloys for post-war uses. For a private 

showing to interested executives in your organi- 
zation, write Reynolds Metals Co. 
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Copper and Its Alloys in Wrought Form 


Prepared by M. G. Steele, Technical Adviser, Revere Copper and Brass, Inc. 


METAL a pp | Sw | Nr | TENSILE | Etonc-|Etastic Forms PROPERTIES AND USES OF 
‘STRENGTH ATION | Limit 
7 
Copper | | 51,000! 4 48,000 | Sheet; Bar; | Corrosion resistance; ductility; high con-|Stamp; Drag 
(electrolytic) |99-9 32,500 | 47 12,000 
Copper — 51,000} 4 | 48,000| Sheet; High annealing point. A Dn 
ake) 99.9 ton 32,000 | 47 | 12,000 |Strip; Rod seam ons: 
per 99.9 .04 phosphorus ,000 5 44,000 | Sheet; Draws and coils better than electrolyti 
iwhosphorized) Strip; Tube | Water, refrigerator and oil-burner tu ing Forse: 
carsenioal 99.9| arsenic 36,000 | 40 vate 
‘opper 1.00 cadmium 80.000; 4 High st 
(cadmium) 35,000 | 45 68,000 | Rod High strength parts; 
Copper 98 175,000 6 134,000 | Sheet; Very high strength; hardness; - 
(beryitium) 2.00 beryllium 75,000 | 45 | 31,000|Tube; Rod | ductivity. Springs: cutting tools si: 
Brasses 
Gilding 55,000 5 39,000 | Sheet; Ductility; reddish ld color. Primers; * Dray 
metal 95 5 35,000 | 38 11,000 | Strip; Tube | detonator fuse caps. jewelry; forgings _ sn a 
ial 67,000 3 53,000 Sheet; Ductility. Used for color match; stamped|St 
a 90 |10 37,000 | 40 11,000 jackets; jewelry; caskets; Forge, 
erforate 
Rich 75,000! 4 | 52,000| Sheet: | Stamp; Form 
Strip; orrosion resistance. Brass pipe; jewelry;|>‘@™P, fom 
low brass [85 42,000 | 43 15,000 Tubs badges; name plates; etchings; dials| Draw 
Low brass 20 85,000} 4 | 65,000 | Sheet; Corrosion resistance; yellow color. Jewelry! Stamp; Fom 
Sevente-anbee 43,000 | 50 15,000 | Strip; Tube | (for gold plating); fulton bellows. Draw. Sa 
or 70 86.000 4 65.000 Sheet; High ductility; deep drawing. Pins; rivets;| 15. 
$5,000 | 50 15,000 | eyelets; radiators; cartridge shells; spun Deen 
hbrass |66 1/34 90,000 | 4 70,000 | Sheet; High ductility; deep drawing. Brass pipe: - Spin 
Hig 48,000 | 50 15,000 | Strip auto stampings; radiator 
Leaded 80,000 5 . Forming by bending; free mach . En- 
33.5 | 1.5 60,000 | Sheet; ending 
ya gravers’ brass; lighting fixtures; clock and 4h. 
hig 000 | 60 15,000 | Strip Coton hacks: gears: bays Bend; Pune 
Free cutting 62,000 | 20 25,000 . Machine; 
rod 62 | 3 47,000 | 60 | 15,000 |Rod shapes; stew mache pate 
Muntz metal (60 (40 80,000 9.5 60,000 | Sheet; Condenser tubes and heads; ship sheath-| Draw; Pund 
57,000 | 48 15,000 |Plate; Tubes|ing; perforated metal; brazing rod Forge 
Architectural . Strength; hardness; free cutting. Ex-| Extrude; 
56 (41.25) 2.75 70,000 10 55,000 | Sheet; ° 
bronze truded shapes; f . -| Forge; 
50,000 | 20 15,000 |Strip orgings; interior orna Maal 
Special Brasses 
Silicon brass |78 |20 2.0 silico 110,000} 4 83,000 | Sheet; High strength; weldability. Refrigerator) Resistance 
55,000} 61 12/500 | Strip evaporators; fire extinguisher shells — 
uminum 
76 |22 |2.0 aluminum| 83,000; 17 75,000 Resistance to corrosion and erosion; self| Draw; | 
brass ta 52 16,000 Tube healing skin. Condenser tubes Extrude | 
Admiralty 71 (28 1 5 92,000 | Sheet; Resistance to corrosion, especially of sea| Stamp; Dra¥ 
45,000 | 60 18,000 | Strip; Tube | water. Condenser tubes Extrude 
Naval brass (60 (39.25 0.75 75,000 | 15 39.000 | Sheet; Resistance to corrosion in sea water. Tube , 
"nnn | heads; marine shafting; bolts; forged|2™®¥: 
54,000 | 45 15,000 Tube parts; window Forge 
Phosphor 0.05 phos- 
98.7 65,000 4 50,000 | Sheet; Resilience; strength; hardness; corrosion) Stamp; 
a phorus | 12 40,000 | 48 15,000 | Strip resistance. Springs; bearings; small parts| Form; Weld 
bronze, 8 110,000 | | 85,000/Sheet; |Similar to above. Welding rod Stamp 
phorus 55,000 | 55 25,000 | Strip: Rod —- Form, Weld 
Silt Sheet: Strength; weldability; corrosion resistance.|Stamp; Dm" 
con bronse /96.26 0.50 110,000 | 5 | 100,000| Tanks; bolts; screws; lags; chain; Joco-| Forge, Weld 
a si 60,000 | 55 25,000 | Rod” motive hub liners; welding rod. Extrude; Cas 
bronze 95 | 5.0 aluminum 105,000 | 5 80,000 | Sheet; Corrosion resistance; strength; golden| Stamp; 
57,000 | 55 24,000 |Tube: Rod jcolor. Condenser tubes; gift articles | 
Manganese 1.25 0.05! 75,000 5 50 Sheet; Resistance to wear and corrosion. Weld-| Extrude; ci 
bronze 59/39 0.75 | 000 | Strip; rod; perforated coal screens; extruded | Perforate; 
Fe. Mn| 60,000} 35 | 15,000/ Strip — | Weld 
Nickel-Silvers | 
Nickel silver 93,000 Sheet; Resistance to corrosion; strength. Ex- Forge, 
(typical) | | 58,000 truded shapes; table silver; instruments; =xtrude; (a 
. key stock; springs Stamp 
Cupro-Nickels 
Cupro-nickel 80,000 3 ,000 Resistance to corrosion, erosion, heat and 
elg ay-twenty) 80 20 | 49,000} 42 | 17,000|Tube chemical attack. Condenser tubes cc 
upro-nicke 84,000 4 83,000 Same as above but more resistant to cor- 
seventy-thirty) | 70 30 | 49,000} 50 | 18,300 |Tube rosion. Condenser tubes 
Cupro-nickel |,. | . ae 85,000| 5 77,000 | Sheet: Same as 80-20 above but less resistant to 
{ alloy) 50,000 | 35 23,000 corrosion. Condenser tubes 
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‘coordinated in one place, for working the metal 


A material with distinctive properties of resi 
to wear, impact, fatigue, corrosion . . . 
lasting several times as long as ordinary 


organization of field 
Male of assisting you in this specialized aspect 

Meehe modern trend toward engineered materials. 


national reputation which makes Ampco Metal 
7 ts a sales asset for any equipment in which 
; are employed. 


record of proved performance under severe 
ynditions, in war an ace, as original equip- 
ent in hundreds of leading makes of machinery 
and equipment. 


An engineered alloy . . . with physical pr 
designed to fit the specific application, 
basis of over 30 years of 
ing experience with the requirements of mo 
2,000 customers in diversified industries. 


Quality control to hold these properties wit 
narrow limits . . . and the specialized expegj 
necessary to produce to a super-standard, 


Di if *s*_* 4 
iversified production facilities, conce ie your prints when you are ready to consider 


by every metalworking process in general use, in- als. Write for bulletins. Ampco Metal, Inc., 


cluding: Dept. MP-10, Milwaukee, Wis. 
Sand Casting Extrusion . Ampco Field Offices in Principal Cities. 
Centrifugal Casting Welding (with Ampco-Trode) AW-10 


Forging Precision Machining 


_. thus making available a complete, self-con- 
tained parts source, 


Engineering and production “know-how” for con- 
Yering your designers’ drawings into a practical 
manutacturing proposition, at a per-piece cost 
commensurate with results. 


| oretect your product against costly failures due to 
‘orn f ce of elf... 4 
ance 
i ble of 6 
mzes. 
rae 
on the 
includ- 
eld ice 
Drs 
veld 
Cast 
Dre 
Metal 
The Metal on Equel 
-' Yow are invited to visit the Ampco Metal exhibit (Spoce 
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The preparation of test bars is only one step in the 
extensive research that pre-determines the exact speci- 
fications of Apex aluminum and magnesium alloys. 
The knowledge obtained from tests made with these 
bars governs the condition under which the alloy will 
be made to fit your particular requirements. This, with 
close laboratory control of every step in its production 
and regulation of the properties, is part of Apex re- 
search leadership that is back of every ingot. 


Company °- Chicago 12, Illinois 
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Sheet I of 3 
Crystallography of the Chemical Elemenis 
As Tabulated by Willian Hume-Rothery 
in"The Structure of Metalg and Alloys; Monograph No.1, British Institute of Metals. 
Emendetions (by HC Vacher) represent values that have appeared in the literature fram 1936 to 1940 inclusive. 

S NS 

Groug TA in Periodic Sequence 

3, Lithium fej! 8 | 5.033 3.3 

11, Sodium f2){8) 1 8 | 4282006 5708 — | |n 
19, Potassium 1 8 | 53335 — 4.618 — | 476 | - 
37, Rubidium 1 8 | 621003; — | 487 — | 502 | - 

at -173°C. at -I75C. 

55, Cesium 1 8 | 6052003 524 540 | - 

at -173%. at 

29, Copper 1 Q 2 | 36078 25511 — | 297 | - 
42, Silver 1 — 12 | 407% 2.8835 — | 2883 | 

79, Gold S278) 1 D 40699 28778 | - 
Group ITA in Periogie SEQUENCE 

4, Beryllium faj2 a-0 15848 | 66 | 226% | 35942 | 22035 | 226% | 225 | - 

B-0 152 — | 2 10.8 
12, Magnesium 2 16236 | 66 | 32022 | 5199: | 31900 | 32022 | 820 | - 
| 20, Calcium 2 a-o | 556 593 1 | - 
at 300%. | B-? — | 
at460%. | 7-0 | 1.64 66 | 394 6.46 594 3955 | 398 | - 
38, Strontium 2 2 | - 4.296 — |4296 | - 
58, Barium LEME 2 & 5.015 45453 — | - 
Group TB 

30, Zine 2 0 18560 | 66 | 26590 | 4935 | 26590 | 2906: | 2748 | - 

48, Cadmium 1.8859 6.6 | 29731t2| | 29731 32872 | 3042 

80, Mercury 2 @=70%17" 6 |2999at-46~ — 2999 | - 

Grova ITA in Periodic Sequence. 

13, Aluminum | 4041452) — 2.8579 — 280 to286inoted 

21, Scandium 2 a-0 | 4532 3.925 — | 395 | 

B-0 | 1.585 66 | 330 5.23 323 8.30 | 3265 
359, Yttrium 2 1,588 6.6 | 3.663 3595 | 3663 | 36 | 

52, Lanthanum EV a-0 | 1613 6.6 | 374 6.063 | 3727 | 375e | 
B-O | 5296 3.745 — | 57s | - 

Group IB. 
31, Gallium 3 — | | 45162 | 2644einotec) 
@+b+c «1099868 :1 69257, 5102 
49, Indium L2N8)(18)(18) 3 1.078 48 | 4585t¢ | 494115 |4at 3242 |Bat | 

81, Thallium 3 | 1600 |66| 3450 5.520 | 3404 | S480 | | 
A-0 | 484) 3.425 — | 545 | 


4 is face-centered 
(0) Appears to be smaller in same alloys. 
(¢) atoms to unit cell; cach atom has 1 neghbor at 2437, 2 at 2706, 2 at 2736 and 2 at 279s. 


(f) Atomic diameters for new values have been computed by follomng Hume-Rothery’s procedure whenever possible 


(g) See Page 580, Metal Progress, May 1941 


Notes:(a) is body-centered cubic; oe face-centered cubic; 0 is close packed hexagonel; 2 1s simple rhomboheore!; 0 1s arth 


22, Tit 
4, Zi 
72, He 
| 90, Th 
| 
| 6, 
| 4, Sil 
52, 
50, Tir 
| 82, le 
| 23, Vai 
41, Go 
73, Ter 
91, Pr 
7, Nu 
| 15, Pha 
| 33, Ar 
51, Am 
83, Bis 
24 Oy 
Mo 
74, Tur 
92, Une 
8 Ory 
| 6, Sul 
| 
| 54, Sele 
52. Teli. 
34, Po 
(3) 
C 
(9) 


Sheet IT of 5 


Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery 
in*The Structure of Metals and Alloys; Monograph No.1, British institute of Metals. 


Smendationsiby H.C Vacher) Represent Values that Have Appeared in the Literature fram 1936 to 1940 Inclusive. 


RCTCTCIICE 


tonic NANGEMENEN, Sp 
No in Free Atoms C+a 
S 
Titanium | 2 a-0 160! 66 2953 4729 29/5 2955 2935 
(sightly over 900°C) 352 — 2.875 — 2.96 2 
40, Zircowm 1589 66 | 3228 5.123 3166 | 3223 | 319 | — 
(data for 867°C) 8 36/ 5.126 
22, Hafnium 2 1587 68 |} 3200 5.072 3.139 3.200 3I7 | 
90, Thorium 2 2 — — — 
Group IB, Caroon and Silicon 
6, Carbon, diamond [2] 4 4 5.5606 1511s 
graphite 0 /b) 275 6 246 878 142 246 
4, Silicon 4 54173265 235457 / 
32, Germanium 4 4 5642 244s 2788 | — 
50, Tin, grey 18](18) 4 4 6.46 — 3164) — 
white 4 0456 58194 3.1758 30161 | 3.1758 
~ &, lead 4 12 49389 5492s 3494) — 


23, vanadium 2 8 5.0338 2 6274 269 / 
73, Tantalum 2 8 | 329598 28544. | — 294 7 
Grovg YB 
7, Nitrogen @-cubic -- — | 566 106 
_ Phosphorus, metallic 537 #38 10.50 217 220 / 
33, Arsenic 18) @&=54°75' 3,3 41356 2507 3139 
Antimony 3,3 | 4497 6:2 2879s | 33784 | 3228) 
&, Bismuth @-57942" | 33 | 473566 51036 | 34728 | 364 
_ 24, Chromium 1 8 2 8786 24929 257 
B-0 1626 66 | 2712 4418 2709 | 2717 ao 
42, Molyodenum 1 8 | 3140s 27196 280 | — 
~ 7ungsten 2 a-d 8 | 3158s 27352 282 | — 
8 =cubic (c) Batoms inunit cel, 5.038 2519 2.816 
92, Uranium 2 0 | 4atomsinunitcel 2852 4945 | 276 | 285 
=1:2056:17H4, 0-S.865 
Group WB 
8, Oxygen (2/6 a@-0 | 4atomsinunitce/| S50 | 344 _ _ 
| 
| B=2 &-991% atomsinunit cell 619 
8, Suptur z=0 | 1048 ass | 22 | 336 
= 1:1233:2343, b=292 
at (O)mono-\a:b:¢ 1:1011:1006 3090 — 7 
clime B=83°I6"; b-/102 
44, Selenium 6 Ove) | 140 24| 4337 | 4965 | 2316 | 3457 
Mmonochine ta) a:b:C = 7:0998:1281; 8992 11.52 
| 32 atoms in unit cell; b-8923 
monoclinge | 1274 | 925 -- 
32 atone in unit cell; B= 95°F’; b-8.04 
|| | 133 | 4465 5912 | 2858 | 346 —-|- 
» pseudo hexagonal 3atoms psevoocell 425 706 or 1412; — - 6 
probably monociinc| @:b:¢=1:0578:1900 | 242 14.10 54 40 6 
atoms umt cell; 04.29 


© body-centered cubic; a 
cubic; 0 1s close packed hexagonal except as noted; > 18 diamond; & 1s tetragane/; 
18 hexagonal, not close packed, with four atoms per unit cell. 
-.0 Structure; two positions distinguishable, X and ¥. Each atom X has 12Y at 2816 4; each atom ¥ hes 2Y at 2519 and 44 at 2816 4 
Contains 48 or 
| Not close packed; each atom has 2 neighborsat a, and 4 at do. 
eC Grameters for new values have been computed by lowing Hurne-Rotherys procedure whenever possible. 
9) ~~ Page 580, Metal Progress, May 1941 
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Crystallography of the Chemical Elemenis 


As Tabulated by William Hume-Rothery 


in’ The Structure of: Metals and Alloys,‘ Monogreph No.1, British Institute of Metals. 
Emendations (by HC Vacher) represent values that have appeared in the literature fram 1936 to 1940 inclusive. 


& 
S lattice /nteratormic 
™ 
NIG 
Group WA in Perioorc Sequence 
25, Manganese 2 @=cubic (note b) — | 8894 
cubic (note c) &300 — — 
7-6 0934 3774 3.526 2.582 2669 
43, Masurium 7 — — — — |- 
5, Rhenium 2 16148 — | 2755s | 44493 | 27349 | 27553 | 275 | ~ 
MIB 
12, Chlorine (2a)? A OAS | | 856 612 188 (notee) — 
16 atoms in urut Cell 
35, Bromine 7 abo=1:149:195 | 448 8.72 227 | notea | — 
8atoms inunit cell; 
58, odine 7 abo-1:15204| 4795 | 9780 | 270 | noted | — 
8atoms in unit cell; 
Group Ne 
26, Iron 14] 2 — | 2867 — 2.4772 
3.64 at 900°C. — 2 580 252 | 
27, Cobalt (2HENI5) 2 a=0 1624 — | 2507 4.072 2.499 2507 | 250 | 
— | 3545 250? 2507 | 
28, Nickel (28116) 2 164 — | 249 408 249 249 249 | 
B-o — | 3510 2.4869 -- 2487 
44, Ruthenium (2UBUIB)(15] 1 fe) 1583 — | 2698+ 42730 | 2644 | 2698 267 | 8 
45, Rhodium 1 — | 3795s 2.6838 2.684 | 
46, Palladium (18) Q 5.8824 2.7453 2745 | - 
76, Osmium (2ENIBN3A 14) 2 fe) 1.579 — | 27298 | 43104 | 2670 | 2730 | 270 | & 
Iridium 2 ~ — | 368312 27091 — | - 
78, Platinum 2 — | 39158 2.7689 2769 | 
Kare Earth Group. 
58, Cerium 162 66 | 3.65 591 3.63 3.65 364 | - 
B-0 5.145 ~~ 3.6357 5.637 
59, Praseadymium| 2 0 1620 66 | 3685? 5.924 3.638 | 3657 | 385 | - 
60, Neodymium 2 0 1608 66 | 3652 5.88 3619 3.657 364 | - 
67, Holmium (2UEIEHZ8HY) 2 0 1580 66 | 35503 | S62ots | 3480 3557 352 
68, Erbiurn 2 163 66 | 374 6.09 373 374 373 | - 


Notes: 1a) & 1s body-centered cubic; @ 1s face-centered cubic; 0 18 close packed hexagonal; 018 orthorhombic; 4 1s tetragonal. 


(0) Approximates where each lattice point is a cluster of 29 atoms; 1 type X,4 type A, and 12 type The X atorns occupy 
largest volume and the De the smallest. Interetornic distances of neghboring atoms are as follows: 


X atorns heave: 


A atoms have: De atoms have: 
12 De at 271 1X at 282 1X at 277 
4A at 282 3D; at 249 and 3 at 296 2A at 269 and 1 at 289 
3De2 at 269 and Zat 289 1Deat224 and 2 at 238 
1Dh at 245, 2at 25) and 2 at 266 
(¢) Compheated structure with 20 atoms of two kinds in unit-cell Each atom of the first kind hes: 
3 newhbors at 2565 
3 «2,530 
«2675 
kind hes: 2neighbors at 2530 
2 «2615 
-» 2659 
2 +267) 
+267 


atom, however, they 


(a) Atoms arranged in pairs so that each one has one close neighbor at a distance 0. 


(e) authors give 199 as the closest approach to @ neghboring 
mth 16 ators to a unit cell and the Xx, Y, and Z pwremetive are 0.167 and 0.107, respectively, 


Atomic diameters for new values have Leen comauted by following Hume- -Rothery’ procedure whenever possible. 
(Q) See Page 580, Metal Progress, May 1941 


hey not indicate clearly 


D; atoms have: 


tA at 249 and 1a 296 


at 2%, 2at 25) 


8D; at 267 


the space group. If thx sace gros 
then «188. 
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BRASS 


PRODUCTS 


BRONZE 


As the pendulum of war swings 
on toward peace and reconver- 
sion, Western brass will again 
be used in products designed 
for service—utility—conven- 
ience—beauty—and comfort. 


Post-war industry will want 
Western brass—in sheet or 
strip, drawn or stamped parts 
—because it is easy to form, 
draw, buff and plate, and be- 
cause it will be “tailored” to 


meet exacting specifications. 


That’s the way we like to do 
the job. . . as we are now doing 
it to meet war requirements. 
Western mills at East Alton, 
Ill. and New Haven, Conn. are 
experienced in producing non- 
ferrous metals to exactly suit the 
job. We will welcome the op- 
portunity to demonstrate our 
ability to meet your specifica- 
tions ... now or post-war. 


Division of WESTERN CARTRIDGE COMPANY, East Alton, Jl. 
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Physical Constants of Purest Zine 


(Compiled by Research Division, New Jersey Zinc Co.) Unit Cell Dimensions [Angstrom Uniéts) 


Puri f 
Note: Purity stated is that reported for Reference: 13 


metal used in preparing test pieces; actual " : 2 
composition of latter is infrequently given Purity : — 99.99+% 


Temperature: 27. 


Con Stants Affec ted 2.6597 2.66001 0.0002 
by Orrentation 49567 49579200005 


Coefficient of Expansion Therma! Conductivity 


Reference: 8 a Reference : 7 
State: Single Crysta/ Polycrystalline Casting State: Single Crysts/ 
Purity: Spectroscopic Rehlbaum's Besta! 99.99F% Purity: 99.995 
Direction: | 44°to Principal Axis \ 0°to Principal Axis 

Temp. \Cal/sec/om/C. 


Oto 50°. 4.00 x10-5 (6) §.48X/0-5 
to /00 4.04 5.70 20t0/00 3.95xI05 “200. 0.36 


0 to /50 4.25 5.74 20to150 3.96 -/50 0.54 
0 to 200 4.40 5.80 20t0200 3.97 -/00 0.53 
0 to250 4.55 5.8/ 20to 250 3.97 -50 0.32 


0 to 300 4.60 5.73 QO 0.30 
+50 0.29 


(a) Contains 0.014% Pb, 0.012% Ca +100 0.28 
(6) Reference 9 gives 5.74 at 18°C., and 1.26 for perpendicular direction 


Magnetic and Electrical Properties 


Magnetic Ternp. Coefficient 
Susceptibility J of hesistivity 


Reference: /0 // 12 


. Swaged Po/ Single Wire, Swaged 
State: Single Crystal Single Crystal | ony | and Drawn 


Purity: Chemica/ Spectroscopic | Spectroscopic Spectroscopic 


Direction: to Hexagonal Axis to Hexagona/ Axis Principal Axis 


Temp. 20°. 20%. 20°C. -/70 to 25. Oto 100%. 


Constant |-1.90x/0-7\ 6./6 x | 5.8Fx 5.916x10-$ 4.058x/0-5 4.19x/0-% 
(average) 


Thermal Electro- Constants Not Known to Be 
(2nPt Thermocouple} Affected by Orientation 


Reference: 4 al Density, Melting and Boiling Points 
State: Cold Drawn Wire| Specific Heat 
Purity: Spectroscopic 

Reference : 6 


Temp. Millivolts Purity: 99.948 % 
Density : 


Orc. 0.000 Temp. \Cal/C. Cast 99.993 % | 25%.) 2./35/ 
50 O55! Rolled 99.9935% | 25 2.142 
150 1.276 200 | 0.0961 Mo/ten 99.94% \ 419.4 6.92 


200 1.894 500 | 0.0981 

250 2.610 | woe) 
/, 

500 3.4/7 $00 | 0.1522 


550 4.310 600 | 0./473 
400 5.290 700 | 0.1444 Boiling Point 
415 5.604 800 | 0./423 at 760mm. pressure |90S°CL2 


; Density | Refer- 
State Purity Temp. renee 4 ence 


1. C.6.Maier,Zinc Smetting From a Chemical and Thermo- 8. Austin, Vacuum Apparetus for Measur’” 

dynamic Viewpoint, of Mines Bull. No. 24,1930. References Expansion at Llevated emp. With Measure” 
2. The New Jersey Zinc Co., Research Division . Pt, Au, Mg and Zn, Physics , 1932, v. 5,p.240. 
3. John R.Freeman,Jr., Fred Sillers,Jr.,& Paul F. Brandt,Pure Zinc at 9. RW. Bridgman, Certain Physical Properties of Sing/e Crys 

Normal and Elevated Temp., Bur. Standards, Sci. Paper No. 22,1926. 5, and $n, Proc. Am. Acad. Arts Sci., 1925, 
4. Zine and Its Alloys, Bur.Standards Circ.No. 59S, 1931. 10. J.C. McLennan, R.Ruedy & Elizabeth Cohen, The Magne’ 
5. Wm.F Roeser &H.T. Wense/, Methods of Testing Thermocouples and bility of Single Crystals of Zn and Cd, Proc. Rey. £2C, 

Thermocouple Materials Bur. Standards J. Research, 11. ERT. Tyndall A.G.Hoyem, Resistivity of Single Crys 
6. Saburo Umino, On the Latent Heat of Fusion of Several Metals Physical Review, 1931,v.58,p.820. 

and Their Specific Heats at High Temperatures, Science Re- /2. 4.6. Hoyer, Some Electrica/ Properties of Spectrosc 

Tohoku Imp. Univ., 1926, v.15, p.59?. Zinc Crystals, PhysiCal Review, /931,v. 358, p.1557. 


? CL. Bidwell & Lewis, Thermal Conductivity of Lead and 13. E.R. Jette & Frank Foote, Precision Determination 
end Polycrysta/ Zinc, Physical Review, 1929, 53, p.P49. Constants, J. Chem. Physits, /935,v.5, p.60S. 
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“An Integrated Combination of Mechanic 
Electrical and Metallurgical Engineering’ 


hServica When You Theil 
a AJAX SALT BATH FURNACES. 


A most important reason why more Ajax Salt Bath Fur- 
naces are in use than all other electric makes combined 
is seen in this statement by B. A. Briton, Vice President, 
Continental Die Casting Corporation: 


“. # @ the engineering behind the mechanized electric salt 
bath furnaces for our stringent armor piercing shot job 
has proved itself accurate and reliable in every respect. 


“Involved here was an integrated combination of me- 
chanical, electrical and metallurgical engineering, the 
failure in any one of which would have meant the failure 
of the whole job. 


“These Ajax units have been in operation almost two 
years now, during which time we have turned out 


millions of accurately heat treated projectiles. We feel 
that congratulations are due you for your part in this 


achievement.” 


Investigate these salt baths for all your heat treating proc- 
esses, from 350° to 2400° F 


Remember, Ajax service includes design and installation 
of salt bath furnaces and equipment for the whole bed 
treat job, as may be required. Write for Catalog 1074 
and be sure to get, "ISOTHERMAL QUENCH BATHS 
APPLIED TO COMMERCIAL PRACTICE.” It's fre 


AJAX ELECTRIC COMPANY, INC. 
FRANKFORD AVENUE AT DELAWARE AVENUE, PHILADELPHIA 23, PX 


At the Metal Show, See Furnaces Operating=—Booth C-340—Cleveland 


THE 


HULTGREN 
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ASSOCIATE “JAX METAL COMPANY, Non-Ferrous ingot Metal for Foundry Use 
AJAX ELECTRIC FURNACE CORPORATION, Ajax-Wyatt Induction Furnaces for Me’ 
COMPANIES: ajax ELECTROTHERMIC CORPORATION, Ajax-Northrup Induction Furnaces for Me ote 
AJAX ENGINEERING CORPORATION, Ajax-Tamo-Wyatt Aluminum Melting Furno: 


AJAX saut Bath FURNACE 
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Sets a new high standard in radio- 
frequency induction heating. A 20 a 
K.W. unit for hardening, brazing, 
annealing or heating small parts. . . 
for hardening sharp contours such as 
cutting edges . . . for shallow surface- 
hardening. Advantages: 


FASTER. Only electronic tube type induction heating unit with two work 
stations which can be set up for different jobs simultaneously for opera- 


B pro tion at same or different frequencies. 

A PACKAGED UNIT. Completely self-contained in all metal cabinet. 
a Floor area only 4’ 9’’ x 4’ 3”. All sub-assemblies are easily accessible. 
3ATHS 
's free. 

RUGGED PRODUCTION MACHINE. Power tubes and contactors are 
op shock-mounted. Fully protected. No radio-frequency radiation. No high 


voltage hazards. 


INDUCTION 
HARDENING . . BRAZING 
ANNEALING . . HEATING 
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The paradox of uniform temperature charts 
and non-uniform quality of metal heating has 
long veen a challenge to metal experts and 
furnace engineers. However, here at Rock- S ed red ing 
well, this challenge has produced many fur- 
naces that combine heat application and equip- 
ment design in processing units that meet 
every specification of precise uniform heating our ro em | ; 
and product quality regardless of quantity or . 
operating conditions. 


Heating Brass Cakes — Large Heating Copper Wire Bars — Annealing Slabs — Continuous 


! pusher type, oil fired furnace, auto- Automatic gas fired furnace, with roller hearth, gas fired furnace with 
matically operated. cycle control from rolling mill controlled atmosphere. 
pulpit. 


Bright Annealing Copper Tubing Washing, Annealing, Pickling Washing, Annealing and Pickling 
| — Belt conveyor, gas fired, muffle and Drying Brass Stampings — Small Pieces — Continuous rotary 


furnace with controlled atmosphere. Equipment and furnace operate cleaning machines and gas furnace. 
continuously. 


ser a7 


Heating Aluminum Billets — Drawing Shelis— Belt conveyor, Heating Aluminum Castings — 
our row conveyor furnace, recir- electric furnace, two zone recirculat- Automatic elevator type electric 
culating convection type. ing convection heating. furnaces and quench tanks. 


Whether it is in a continuous or intermittent 
operation, a Rockwell Furnace assures you of 
controlled uniformity of heating and cooling, at 
the same temperature throughout, in the same 
atmosphere, at the required production rate, at 
all times. It’s all in the “know-how”, and thou- 
sands of Rockwell Furnaces in action prove that. 
Let Rockwell furnace engineering help lick your 
next heat treating problem. 


W. $. ROCKWELL COMPANY 


46 CHURCH STREET NEW YORK 7, N.Y. 
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S-Curve for 0.89% Carbon Stee! 


(Transformation of austenite at constant sub-critical temperature) 


(Stable) 


Ae, Temperature 


BHN 120 
RCS __ 


BAN 415 


| 
| 


Austenite 
(Unstable) 


0 
103 


7ime, Seconas 


or | VA } 
fas 
j 
\ 
| 925% BHN 401 | | 
| 
| 
= 
| | RC 85 
Imin. 1 dey 1 week 
104 105 10° 
Courteey, U. Steet Corp. Research Laboratory be 


a Brazing of ordnance part sub- 
jected to intense impact is being handled 
at high speeds in Upton Electric Salt Bath 
Furnaces. 


Complete absence of any noticeable decar- 
burization permits re-hardening following 
the brazing operation. The selective brazing 
practical only in the salt bath furnace elimi- 
nates most of the distortion found in other 
processes. The salt quench stops the flow 


inspection. You are cordially invited to ins 
type of work possible only with an Upton Electri 


Sealed Electrode 


of copper, but does not cause it to “blow” 
or form a blob on the surface. 


These same furnaces, in the shop of a com- 
mercial heat treating concern, are being 
used, alternately, for high speed steel hard- 
ening and copper brazing. 


When inquiring for additional information, 
please give complete details on your problem 
so that our answer to you can be complete. 


jo tanger yA urnaces in operation. In Detroit there is an instal- 
Upton Salt Bath Furnaces “the in operation for your 


s installation to see the 
Bath Furnace. 
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PATTERN FOUNDRY MACHINE COMPANY 
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§-Curve for 8S.A.E. 4140 Steel 


Austenite (Stable) 
Ae; Temperature, 1445° 
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S THE BEST INDUSTRIAL FURNACES MADE 


In addition to large units designed to 
meet specific production requirements, 


SrEwART also builds these famous 
STANDARD INDUSTRIAL FURNACES 


A letter, wire or ‘phone coll will promptly bring you information and details on STEWART Furnaces. 
Or, if you prefer, a STEWART engineer will be glad to call and discuss your heat-treating problems with you. 


STEWART INDUSTRIAL FURNACE DIVISION OF CHICAGO FLEXIBLE SHAFT COMPANY 
Office: 5600 W. Roosevelt Road, Chicago 50, Canada Factory: (FLEXIBLE SHAFT CO., LTD.) 321 Weston Rd., So., Toronto 
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S-Curve for Manganese (Low Molybdenum) Steel 


Austenizing Temperature: 1550°F. Austenite Grain Size: 7 to 8. 
Micrographs at 1000 dia. Courtesy Climax Molybdenum Co. 
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LEPEL ENGINEERING SERVICE 
IS CLOSE AT HAND eee 


An important tenet of Lepel’s policy of service to 
users of induction heating is to be able to offer, at 
readily-avail- 


LA 


all times and in all centers of industry, 
able sales and engineering service equal to that en- 
joyed by companies served from the home office. 
To this end, Lepel has exercised great care in the 
' choice of its representatives outside the New York 
selecting only organizations of outstanding 
reputation and staffing them with engineers spe- 
cially-trained in the Lepel plant according to Lepel’s 
high engineering standards. 

These organizations, well-known to industries in 
their territories whose confidence they have won 
through honorable dealings and dependable service, 
offer competent engineering advice to users of induc- 
, tion heating and those who contemplate its use. Call 

on them for any information on the subject. 


area, 


THESE LEPEL REPRESENTATIVES 
ARE ANXIOUS TO SERVE YOU 


Victor Equipment Company 
San Francisco 7, Colif 
Telephone Gorfield 3000 
los Angeles 11, Colif., 3821 Santa Fe Avenve 
Telephone Lafayette 1286 

Covering California, Nevoda ond Arizona 


844.54 Folsom Street 


Engineering Sales Co 

Houston |, Texas 

112 Portwood St. P. O. Box 2541 

Telephone Woodcrest 6.5029 

Deollas, Texos 

1815 South Harwood St. Telephone Harwood 2277 
Covering the Stotes of Texas and Lovisiane 
D. A. Clements 

7452 University Drive, St. 

Telephone Parkview 0129 
Covering the St. Lowis, Mo. arce 


Lovis 5, Missour 


Renkce!l Engineering and Pyrometer Service 
12600 Ilene Avenue, Detroit 4, Mich 
Telephone Hogarth 1933 
Covering the Stote of Michigan 
Ear! H. Seelbach 
Box 56, Kenmore Station, Buffalo 17, N. Y 
Telephone Delaware 4014 
Covering Western New York State [from Rochester 
down) and Erie County, Penne 
Leonard R. Nourie 
Park Bidg., Pittsburgh, 22, Pc 
Telephone Atlantic 2220 
Covering Western Pennsylvania ond borderline 
counties of Eastern Ohio 
Cc. W. Moore 
1545 Westwood Ave., W 
Telephone Roymond 6477 
Covering Georgia, Fiorida and Sovth Cerolina 


, Atlente, Go 


Eastern Applionce Co 
250 Stuart St., Boston, Moss 
Telephone Hancock 9700 
Covering Massochusetts, New Hampshire 
Island, Maine and Vermont 
The A. R. Williams Machinery Co., Lid 
64 Front Street West, Toronto, Conada 
Telephone Elgin 2381 
462 Barrington St., Halifox, N. §$ 
700 St. James St., W., Montreal, Que 
Grain Exchange Bidg., Calgery, Alto 
495 Railway St., Voncouver, B. C 
Covering all of the Dominion of Caneda 
Caston B. Marboix, Lid 
Humgles House, 22, Corlisie P ace 
London, $.W.1, England 
Telephone Victoria 4102 
Covering the British Isles 


Rhode 


© 
© 
8 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 
PIONEERS IN INDUCTION HEATING 


General Offices: 39 West 60th Street, New York 23, N. Y. 
Telephone: Circle 7-5428 


Chicago Office: 230 East Ohio Street, Chicago, Il. 
Telephone: WHitehall 8483 
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S-Curve for Manganese (High Molybdenum) Steel 


Austenizing Temperature: 1550°F. Austenite Grain Size: 8. 
Micrographs at 1000 dia. Courtesy Climax Molybdenum Co. 
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the Work 


Monufocturers of Lithium Atmosphere Furnaces 
11] SYLVAN AVE., NEWARK 4, N. J. 
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Q 
Y80 160 Quenthed at High 10 SHES tye 5 
600 400 — Temperatures — Afi 
| Effect of 06 }- 
S WENCIUNG 22 
= 04 08 12 16 20 24 28 
, | oa Example: To compute hardenability of a commercial steel of the analysis shown 
Nickel - Ideal hardenability of given steel = D, = Amount | Factor | Port 
‘70 CoppeF in Small Amounts) 1,050.98 x 1.1* 1.7* 1.02 = 7) 
Per Gent of Flenent— 2 2.40. Such figures for D, will accurately com- Carbon content} 0.50 { 0.24 4 
+ pare one steel with another. Manganese 0.90 4.00 B 
0 040 Q80 120 160 Jominy equivalent of the given steel at | Silicon 0.10 1.10 C 
point K, that is, hardness of center of ideally | Phosphorus —_ 1.05 ; 
0 Ve 1 tte 2 quenched 2.40-in. bar, is the same as that | 
7 Deisice found %-in. from end of end-quenched ¢-omium 0.30 1.70 
C specimen. Molybdenum 0.05 116 | / 
6 — t Actual hardness at center, taken | Copper 0.05 102 | * 
voegehold Herdene bis) re. ig 
irom lowest curve, is about C-45 for *Estimated on the line for nickel. 
&S Of Round ry 0.50 carbon, low alloy steel. 
% $s rs ‘ C- Quenching power H of commercial baths may be determined by meth shown 
1 50 in the data sheet, MeTat Procress, Oct. 1941, page 520, or estimated from table 
&8 g at right, below. 
3 BS Example: Water quench, middly CIncULATION oF H For 
2s agitated; H = 1.05; Steel D, == 2.40. orn AGITATION OU WATER 
Fe 2 Actual critical diameter D (from | 9 
RS al D 2.40) i None 0.25 to 0.30) 0.9 to 1.0 | 
> point M above D, AO) is 14) in., Mild 0.30 to 0.35] 1.0 to 1.1) 21022 
+ +- size of bar of given steel that will Moderate |0.35 to 0.40} 1.2 to 1.5 
harden in given quench to half mar- Good 0.4 to 0.5 [14 to 1.5 
S Ob Carbon, Per Cent: tensitic structure at center; hardness Strong 0.5 to 0.8 [1.6 to 2.0 
0 Q20 040 Q60 Q80 10 C-45. Violent 0.8 ‘ 
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Hardenability Caleulated From Composition 


By Marcus A. Grossmann 


Fram Technica! Publication 
No. 1457 ALME (Copyrohted) 
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This machine is the mod- 
ern counterpart of our long 
popular No. 2-B size Carbur- 
izer. 

It embodies all the most 
prominent advantages of Ro- 
tary Carburizers, which are 
as follows: 

May be used for atmos- 
phere work without 
modification. 

Mixing by rotation insures 
uniformity. 


Charging and discharging 


labor is minimized by 

the tilting feature. t th 
Work may be quenched 

or slow cooled, as de- 

sired. 


Metals Show 


Maintenance and han- BOOTH B103 


dling of boxes is elimi- 
nated. 


Twelve-sided retort reduced at both ends is es- 
pecially suited for handling small articles. A 
The smaller entrance permits a more graduai 
and thus better discharge for quenching. The 
new construction permits preheating the car- 
burizing gas before entering the work cham- 
ber, thus resulting in more uniform carburizing. 


Improved small area spacing disc is easier to 
heat rapidly and uniformly and is much lighter 
and convenient to handle when charging and 
discharging. 


Retort is supported on alloy roller bearings front 
and rear. This maintenance-free construction 
permits smooth and continuous rotation with 
the least amount of power. 


New roller thrust bearing carries load smoothly 
in tilted position. 


N 


ELIZABETH, 4S 


New design heat-resisting alloy burners with 
greater radiating surface are cooler in opera- 
tion and are clayed into improved refractory 
tunnels. 


Burners are arranged in two sections to heat 
werk rapidly and uniformly to carburizing tem. 
perature. One section may be shut off to oper. 
ate uniformly at temperatures as low as 1000 
F. for clean hardening, annealing. high draw- 
ing. etc. 


Different classes of work are accommodated by 
a motor drive with gear shift transmission 
which gives retort speeds of ‘4, ‘2, 1 and 12 
r 


Write for literature on the new Carburizer 
and ask for our complete Condensed Cat- 
alog No. 604. 


‘87 


NEW JERSEY. 


October, 1944; Page 865 


2 ) 
» 
AMERICAN GAS FURNACE Co. | 
| 


S-Curves for Six NE Steels 


Isothermal Transformation Diagrams Determined by U.S. Steel Corp. Research Laboratory 
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SERVICE... 


Houghton is justly proud of the — 
personalized aid rendered by iis 
engineering staff—men who can 
recommend a process and make 
it work—men who are on call af 
all times in all sections of the 
country. “Shirt-sleeved 
search”, we call it, backed by 
an augmented laborafory staii,, 
and 79 years of accumulated 
experience, All this as a “pla 
value for the proriucts listed 
herein, to help you solve fé- 
conversion problems. 


E. F. HOUGHTON & CO. 
303 W. Lehigh Ave., Phila. 33, Pa. 


Plans. leo im Chicage, Detroit, San Francisce 
and Toronto, Canada 


A! the Metal Show: BOOTH €.130, Arena 
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Carbon, Per Cent 


Carbon-Penetration Curves 
7% hr. at heat, in mixture of 55 parts Drycolene and 8 parts natural gas 


F. E. Harris 
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FOR THE METAL INDUSTRIES 


For metallurgical processes involving high 
temperatures and severe operating condi- ~* 
tions Norton Company manufactures an 
=, extensive line of special refractories: 

ALUNDUM (fused Al:0;) BURNER 
BLOCKS that withstand terrific temper- 
atures and severe thermal shocks in billet 
heating, heat-treating and annealing fur- 
naces; ALUNDUM FURNACE TUBES AND 

> MUFFLES that give 24-hour operation at 

- around 1700°C. for heat-treating cemented 
carbides and tungsten or molybdenum wire; 
CRYSTOLON (SiC) HEARTH PLATES with 
extreme abrasion resistance whose strength 
permits thin cross-section for rapid heat 
transfer; REFRACTORY CEMENTS that 
give (for example) 470 heats in a Detroit 
Electric Furnace melting pure nickel, over 
600,000 pounds of Cupro-nickel per fur- 
nace lining. 


NORTON COMPANY 


WORCESTER 6, MASSACHUSETTS 


Tl 
October, 1944; Page 875 


Equilibria for Gas-Steel Reactions T| 


Relation Between Gas Composition, Temperature, and Carbon Content in Steel 


Temperature, °C. ( 
600 700 800 9 
800 900 1000 100 0 
ad 
, 
x 
% 9 < 
9 80 ® 20 
€ iS) & 
Q « 
é 
60 Phases are 404 
0.04 © J “se 
9 / in Equilibrium | 
Carburizing Curves are for 0 
0.05 Pressure of | Atmosphere 
« [760mm.hg.] 
After Ml. Becker 
/ Journal L@SL., 1930-I, p. 554 
0.06 40 - 60 
Temperature, F. Temperature, 
Carburizing Reactions Depend on Carbon in Steel. Thus: 
Sy Prom 80% CO, 20% CO, at 1450° F., (point A) will carburize 
y = Org, He — i ‘c ditie yd 2 0.40% C steel and lower, but decarburize 0.80% C steel and | 
higher. However 90% CO, 10% CO, at 1700° F., (point B) 
and inte is relatively inert to 0.20% C steels, will carburize lower 
breaks down a most Saeed — pe ero carbon and decarburize higher carbon steels. Partial pres- 
sures, i.e., CO+CO,<100%, raise curves and shift to left 
F. TT Becker C. F. Times Curve %. 
FesC+ Curve A Murphy lominy [ae 
Solid Solution | —| 900 CurveA / 4/ 
| az & 1800 F £02 patios / pstios 
1600 Curve 8 ——+-A\9 CO fon fon 
1400 
400 1200 
/ 
1000 
1300 
800 
1200 600 ‘ 14 
0.2 0.4 06 08 1.0 0 O02 06 O08 


Action of Carbon Oxides Depends on Temperature. 


“Ratio of af in Mixture 


For 


instance, a dried atmosphere containing 6% CO, and 10% CO 
or ratio 0.6 (easily secured by partial combustion of fuel 
gas) would tend both to reduce and carburize at a 1225° F. 
anneal (Point a), but would both decarburize and oxidize 
at 1500° F. (Point a’). For “bright hardening” the CO, must 
be reduced well below Curve B (for instance, 1/10 the CO, 


as Point b, at 1500° F.). 


The above statements neglect the 
fact that the pressure of CO + CO, is less than 1 atmosphere 


Ratio of Gases in, Mixture 


Oxidizing Action of Steam May Be Count: acted 
by 20 Times As Much Hydrogen (Lin *@” 
Larger proportions of steam may scale th 
during cooling (line b’-b). Oxidizin , 
decarburizing — propensities of moist ¢ CO 
likewise be counteracted by carrying €* © 
in the mixed carbon oxides present in 
nace atmosphere (for instance, CO: : ‘ 
or line B-B’, on the reducing side of ¢ 


4 
i 4 
; 
4 
Wh 
thy, 


It takes the superior qualities of FAHRALLOY castings 
to lick the toughest corrosion, heat and abrasion prob- 
lems — and production men everywhere know it! 


We’re proud of our war record — glad we’ve been able 
to produce castings that have expedited vital war ma- 
terial—that have saved irreplaceable production hours. 
FAHRALLOY engineers have the experience and *“‘know 
how” to help you solve castings problems — a call or 
letter will bring a quick response. 


COMPANY 


Y 


Vl CORROSION 7 


Plant — 150th and Lexington As 
Office—15418 Park Avenue {| HARVEY, ILLINOIS ABRASION 


‘hone—Harvey, 2060 - Chicago, INTerocean 9824. 
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Prepared Atmospheres 


By C. E. Peck, Westinghouse Electric & Mfg. Co. 


Composition and Cost of Typical Controlled Atmospheres 


APPROXIMATE COMPOSITION 


Arr-GaAs Dew 
DESCRIPTION 
CO CO, H, CH, POT 
No. 1 Comgpetaty burned 10:1/a) 890 05 100 05 00 00 (b) 
ue 
No. 2 Partially cracked fuel 6:1/a) 69.0 100 50 150 10 00 (db) 
(Self propelled) 
No. 3 Completely reacted 2.75:1 (a) 41.7 19.0 00 380 13 00 —10°F 
fuel heat 
needed) 
No. 4 No. 1 scrubbed of 10:1/a) 980 10 00 10 00 00 —50°F 
CoO, and H,O 
No. 5 No. 2 scrubbed of 6:1/a) 720 110 00 160 10 00 —50°F 
Co, and H,O 
No. 6 Dissociated ammonia Noair 250 00 0.0 750 00 00 —60°F 
No. 7 =. Samgutey 1.88:1/9) 990 00 00 10 00 00 (b) 
urne 
No. 8 No. 6 partially burned 1.25:1/(g) 800 00 0.0 200 00 0.0 (db) 


GAS FOR 
COST PER 
M Cu.F*. 
ATMOSPHERE | M Cu-Fr. 
| 
115 (c) $0.08 (d) 
145(c) | $0.10 (d) 
200(c) $0.18 to 
| 0.25 (e) 
125(c) | $0.20 to 
0.40 (e) 
150 (c) $0.22 to 
| 0.42 (e) 
. 22.21lb. NH, | $2.00 to 
| 4,00 (f) 
13.7 lb. NH, | $1.20 to 
| 240(f) 
14.9 lb. NH, | $1.30 to 
| 2.60 (f) 


NATURE OF 
ATMOSPHERE 


Non-combustible: 
reducing 

Combustible; toxic; 
medium reducing 

Combustible; toxic; 
most reducing 


Non-combustible; 
inert 
Combustible; toxic; 
reducing 
Combustible; 
ucing 
Non-combustible; 


inert 
Combustible; 


slightly reducing 


unless auxiliary drying 


(a) Air-gas ratios are representative for natural 
a containing practically nothing but methane. 
igh hydrogen city gas, ratios are about 50% of values 
given; for city gas with medium hydrogen and high 
CO, ratios are about 40% of values given. For propane, 
ratios are approximately twice the values given in the 
table, and for butane about three times. 
(b) Dew points correspond to room temperatures 
ulpment is added. Dew point 
may be reduced to 40° F. by simple refrigeration equip- 
ment; to —50° F. or less by use of absorbent towers. 
(c) Values are in cu.ft. for high methane natural 
gas. For various types of manufactured city gas, dou- 


For 


ble the values given. For propane, requirements are 
half of values given, and for butane one third. 


(d) Costs 


gured on raw natural 


as at 50¢ per M 


cu.ft., electricity at 1¢ per kw-hr., water at 5¢ per M 


gal. Use of city gas usually doubles the cost 


given. 
(e) Low value when reactivat moisture absorb- 
ent with steam; high value when us 


and’ 16¢ 


(f) Costs 


base 


dissociation at 1¢ per kw-hr. 
(a) Dissociated ammonia. 


Atmospheres Suitable for Heat Treatment of Different Metals 


gures 


g electrical heat. 


on 7¢ per lb. NH, in tank car lots 
r lb. for cylinder quantities. Electricity for 


MATERIAL PROCESSED 


Low carbon steels 
Medium carbon steels 


High carbon steels 


high carbon 
High speed toolsteels 


high speeds 
Stainless steels, 
chromium & 
nickel-chromium 
High silicon steel, 
electrical sheet 
Copper 

Various brasses 
Copper-nickel alloys 


Low carbon steels 
steels 


high carbon 
High carbon, high 
chromium steels 
Stainless steels 
Copper or brass 


High carbon steels 
Alloy steels, medium & 
high carbon 

High speed toolsteels, 


high speeds 
All classes of ferrous 
metals 


including molybdenum 


including molybdenum 


Medium carbon steels (| Hardening 


| 


PROCESS 


Anneal 
Anneal 
(no 
e 


(no decarburization) 


Alloy steels, medium & Anneal 


(no decarburization) 
Anneal 
(no decarburization) 


Anneal 


Copper brazing 


Medium & high carbon Copper brazing 


(no decarburization) 


Alloy steels, medium & Copper brazing 


(no decarburization) 
Copper brazing 


Copper brazing 


Phos-copper brazing 
or silver soldering 


Hardening 
Hardening 


Hardening 


TEMPERATURE 
RANGE, °F. 


Time CYCLE 
(“Long” if 
Over 2 Hr.) 


Bright or Clean Annealing 


1200 to 1350 
1200 to 1450 


1200 to 1450 
1300 to 1600 
1400 to 1600 | 


Long 
Long 


Long 
Long 
Long 


REQUIRED 
SURFACE 


Bright 
Bright 


Bright 
Bright or clean 
Bright or clean 


1800 to 2100 Short and long Bright 
| 1900 to 2000 Long Clean 
_ 400 to 1200 | Long or short Bright 
800 to 1350 | Long or short Clean 
800 to 1400 | Long or short Bright 
Automatic Brazing or Soldering Operations 
2050 Short Bright 
2050 Short Bright 
2050 Short Bright 
2050 Short Bright 
2050 Short Bright 
1500 to 1600 Short Bright 
Bright Hardening and Tempering 
| 1400 to 1600 Short Bright or clean 
| 1400 to 1800 Short Bright or clean 
| 1400 to 1800 Short Bright or clean 
| 1800 to 2400 Short Bright or clean 
400 to 1200 Short 


Tempering or 
drawing 


Bright or clean 


ATMOSPHERES ATMOs- 

WHIcH WILL PHERES 

GIvE DEsIRED COMMONLY 
RESULTS USED 


2, 4, 5,6, 7,8 2 
4,5,6,7,8 4 
4, 5,6, 7,8 4 
4, 5,6,7,8 4,5 
4,5,6,7,8 
6 6 
4,7 4,7 
1 1 
1 l 
4,7 4 
2,3, 5, 6,8 2 
3,5,6,8 3 
3,5,6,8 

6 6 
6 

1 

3, 4, 5,6, 7,8 

3, 4, 5, 6, 7, 8 

3, 4, 5, 6, 7,8 

3, 4, 5, 6, 7, 8 

2,4 
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The Most Efficient and Economical System for Induction Heating 


steps down—and the first booth to your leh. If 


389 LAFAYETTE ST., NEW YORK 3, N.Y. 


INDUCTION HEATING 


| BOOTH 0-94 
ote Oppertunity to bring the story up to d 
wa we'll be seeing you ~ ond, os the 


The A-B-C of Corrosion & Heat Resisting Steel 


Arrangement due to F. R. Palmer. Adapted from The Book of Stainless Steels, Second Edition 


Gia A (Martensitic) 


Chemical Analysis 
Chromium less than about 16%; carbon 

in balance but ordinarily less than about 
0.40%. May contain a little tungsten, 
nickel, silicon, columbium, aluminum, and 
more frequently molybdenum. Magnetic. 


Heat Treatment 
Respond to hardening and tempering. 
Resulting physical properties depend on 
chemical analysis (principally carbon con- 
tent). 


Toughness 
Are structurally dependable after heat 
treatment; not brittle in notched sections 
or under impact. Suffer some loss in im- 
pact after tempering in 800to1100° F. range. 


Grain Growth and Structural 
Changes at High Temperatures 
Not subject to excessive grain growth. 

Thoroughly dependable for supporting any 
load or shock within their carrying capac- 
ity up to 1400° F. Brittleness in plain 
chromium steels when cooled after long 
heating is avoided by addition of molyb- 
denum. 


| makes them brittle when cold, although 


Group B (Ferritic) 


| Chromium more than about 16%; carbon | 


| quite low, but can increase as chromium | 
goes up. May contain small percentages 
of copper, nickel, silicon, molybdenum, 
tungsten, nitrogen. This group is mag- 
netic. 


Harden hardly at all. 18% Cr tough- 
ened by long anneal at more than 1400° F., 
and air cooling. Avoid decarburizing the 
skin. 25% chromium gets best strength 
and toughness by rapid cooling from 1650°. 


Laminated structure, from coarse fer- 
rite in ingot, causes low impact values, but 
proper rolling and heating gives adequate 
toughness in rods, bars, and sheets. Struc- 
ture is refined by alloying with nitrogen. 


Group C (Austenitic) 


Contains enough nickel to make sa 
austenitic and non-magnetic. They yp. 
ally contain twice as much chromign us 
nickel or vice versa; total alloy conte: 
at least 24%. Carbon quite low. (1 ese 
sometimes substituted for nickel. in Dart 

Do not respond to hardening by hej 
treatment. Must be rapidly cooled fom 
soaking heat at 1900 to 2150° F. to retain 
austenitic structure free of carbides, (Br. 
nell 140 to 170). 


Extremely tough at all temperatwe 
down to liquid air. Dependable againg 
shock except when corroded at gniz 
boundaries (a preventable condition). 


The chromium-irons low in carbon and 
those high in silicon or aluminum (when 
cold worked) are subject to excessive 
grain growth, especially above 1900° F. 
Grain growth reduced by nitrogen. Long 
service at temperatures up to 1600° F. 


they are not brittle at working tempera- 
tures. 


Strength at Elevated Temperatures 
Much better than straight carbon steel 
for temperatures up to 1000 or 1200° F. 
Retain tensile properties up to 750° F. 


Heat resisting varieties quite tough at 
temperatures up to 1600° F. Inferior to 
Group C in creep resistance. 


Alloys near the austenite-martens 
border line tend to precipitate carbides ai 
grain boundaries during service at 8 
1600° F., losing some toughness mé 
becoming susceptible to intergranua 
attack. This is controlled by very low ar- 
bon, by titanium or columbium, by incres 
ing the chromium and nickel, or by pro 
“stabilization.” 


Have high creep strength up to Im” 
F. which is enhanced by tungsten « 
molybdenum. Toughness impaired in na- 
stabilized alloys by service at 
1600° F. 


Hot Working Qualities 
Readily forged, pierced, or rolled at 
2000 to 1700° F. Preheat and soak stock 
at 1600° F. Plain high chromium steels 

air harden on cooling. 


Cold Working Qualities 
Low carbon varieties can ‘be easily cold 
drawn into wire, cold rolled, bent, formed, 
upset, coined, and deep drawn. 


Machinability 
Machine satisfactorily with properly de- 
signed tools when heat treated to 200 to 
250 Brinell. Free-cutting grade contains 
complex sulphides or selenium. 


Riveting 
Make excellent cold rivets. Air harden- 
ing, high chromium steels not recom- 
mended for hot rivets driven above 1500° F. 


| then anneal. Alloys do not air harden. 


May be forged, rolled, or pierced. Should 
be heated quickly. Forge from 2200° F. 
down to 1750° F. On last heat continue 
gingerly down to 1400° to refine grain; 


May be forged, rolled, or pierced. Pr 
heat and soak at 1600° F., heat quickly! 
2200° F., forge down to 1850° F. Hot sho 
range: 1800 to 1300° F. Alloys do not a 
harden. 


Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn, especially when warm (300 to 
500° F.). 


Machine satisfactorily with properly de- 
signed tools. Cold working and high sul- 
phur or selenium improve machinability. 


Can be cold drawn into wire, cold roll 
bent, formed, upset, coined, and 
drawn. Work-harden twice as rapidly: 
Groups A and B. 


Most difficult of all even with super b# 
speed and carbon tools. Use sharp & 
having greater top rake than usual @ 
cut continually. Free-cutting grade & 
tains sulphur or selenium and phosphors 


Extra precautions required to avoid brit- 
tle rivets. Conical heads should be cold 
upset on ground bars; rivets driven at 
1425° F. into chamfered holes. 


Excellent for either hot or cold ae 
Hot rivets may be driven at a high @ 
perature (1900° F.). 


Welding Properties 
Preheated parts can be welded with gas, 
electric arc, or resistance. Anneal imme- 
diately before weld air hardens. Little 
grain growth. Columbium or aluminum 
increases ductility of welds. 


Corrosion Resistance 
Increases with chromium content; in- 
ferior to Groups B and C. Resists 
weather, water, steam, and mild corrod- 
ents when chromium is 11.5% or more. If 
carbon is relatively high, metal must be 


hardened and tempered (below 1000° F.). | 


Scale Resistance 
Increases with chromium content. Gen- 
erally useful for continuous temperatures 
up to 1200° F., and in some services up to 
1500° F. 


Can be welded. Anneal to reduce em- 
brittlement alongside weld. 
Those metals sub- Those metals not 


ject to grain growth subject to grain 
are brittle adjacent growth yield satis- 
to the weld. factory welds. 


Possess corrosion resisting properties su- 
perior to Group A; increases with chro- 
mium content. Especially good for nitric 
and other oxidizing acids. 


Can be welded with gas, electric at° 
resistance. Weld does not air harden # 
is very tough. Only the very low carbon 
alloys stabilized with Ti, Co or Mo show 
be welded if article must resist corroding 
media. 


Corrosion resistance depends largely # 
on total alloy content. Markedly impr’ 


Superior to Group A, especially when 
chromium is above 25%; then resist re- 
ducing atmospheres up to 2100° F., resist 
oxidizing gases up to melting points, and 
sulphur gases up to 1800° FP. 


by molybdenum. Resists nearly al @ 
rodents measurably better ‘han Grou 
A and B; especially good for organic ® 
Severe pitting may occur in sae 
chloride solutions. 

Excellent where combin 
temperature and corrosion 5s © 
High chromium, low nicke! «loys 
to resist sulphurous gases. Additior © 
to 3% silicon markedly prove 


| resistance. 
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Kee Mixers for 
igle-valve control 


Eclipse Fuel Engineering Company 
ROCKFORD ILLINOIS 


i 
Air Draw § McKee Gas Immersion Eclipse Gas Fired Forg- 
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Carburizing and Diffusion Data 


for eight common carburizing steels By F. E. Harris 
See Metal August, 1943, pave 265 
% C (Maximum Carbon) at Surface Carbon Gradients 
For 1020, 8620, 8720 / A _| || Chemical Analyses of Various Layers | 
1700 +4 -+-+-++ 12 After Carburizing (With or Without 
‘For 4620, / 10 Diffusion Cycle) Show That Gradient | 
, Depends Only an Surface Concentretion 
fer / 08 ta | and Total Penetration (“Depth of Case’ 
For 2516 O7. ~ Tr ——~+ 
3 Averaging Straight Line for 
/ / Limit of 
2 O Base Caroon 
1300 aa 20 40 60 80 100 
te % of Cese Depth From Surface 


° For example: % C added to the 4320 steel at half case depth 
Ps pecs ag ee nab ag is 0.50% (Point B); this is added to the carbon of the core (“base 
tenite at the surface, will have 1.25% max. carbon”), so the actual analysis would be 
gurfene cashen (Point, A). 0.50 + 0.20 = 0.70% carbon at half case depth 
“% © Added” is 1.25 minus 0.20 — 1.05 Area below experimental curve measures the carbon 
added to the entire case, and equals the area below 
the “averaging straight line”. Intersection of latter 
Case Depths (C.D.) in Inches with horizontal axis defines “case depth”. Carbon 
analysis at this point in our example is 
0.07 (Point C) + 0.20 (original carbon in steel) = 0.27 


A function of temperature and time: 


VTime 


TIME) TEMPERATURE, °F. Diffusion Cycles 
= bec 
1400 | 1450 | 1500 | 1550 | 1600 | 1650 | 1700 1700 | 1750 | 1800 | 1850 U Carbon Added at Surface During 
Original, Carburizing Cycle Regarded lems 
0.008| 0.010 |0.012 0.015 | 0.018 | 0.021 0.025 | 0.029 | 0.034! 0.040 | as 100% 
2 |0.011/0.014|0.017 0.021 | 0.025 | 0.030) 0.035| 0.041 | 0.048| 0.056 Gate 
3 | 0.014/0.017 | 0.021 | 0.025 | 0.031 | (0.037 0.043 | 0.051 | 0.059 | 0.069 
4 0.016) 0.020 | 0.024 | 0.029 0.035 |0.042/ 0.050 0.080 0.079 Gained or 
5 (0.018, 0.022 0.027 | 0.033 0.040 /0.047 | 0.056 | 0.066 | 0.077) 0.089 equi 
Area 4 0CcB= q 
6 (0.019) 0.024 |0.030 | 0.036 | 0.043 | 0.052| |0.061 | 0.072 | 0.084 | 0.097 & 
7 |0.021| 0.026 0.032 | 0.039 | 0.047 | 0.056 | 0.066 | 0.078 0.091 | 0.105 and satis 
8 ho 0.028 0.034 | 0.041 |0.050 0.060 | 0.071 | 0.083 | 0.097 | 0.112 8] Ce \ | 
9 |0.024 0.029 0.036 | 0.044 | 0.053 | 0.063 |0.075| 0.088) 0.103 | 0.119 § wee ind 
10 (0.025 0.031 0.088 0.046 | 0.056 | 0.067 | 0.079 | 0.093 | 0.108 | 0.126 ® a® After Carburizing Fa 
11 0.026 | 0.033 | 0.040) 0.048 0.059 | 0.070 | 0.083 | 0.097 | 0.113 | 0.132 | 
12 |0.027 | 0.034 | 0.042 | 0.051 | 0.061 | 0.073 | 0.087 | 0.102 0.119|0.138 3 | plet 
13 (0.028 | 0.035 | 0.043 | 0.053 | 0.064 | 0.076 | 0.090 0.106 | 0.123 0.143 _A 
14 | 0.029 | 0.037 |0.045 | 0.055 | |0.066 | 0.079 | 0.094 | 0.110 0.128 | 0.149 Line Alter’ Diffusion that 
15 [0.031 | 0.039 | 0.047 | 0.057 | 0.068 | 0.082 0.097 | 0.114) 0.133) 0.154 wie 
16 |0.032 |0.039 | 0.048 | 0.059| 0.071 0.084 | 0.100| (0.117| 0.137, 0.159 Cand. Period | fusion Period— 
17 |0.033 | 0.040 | 0.050 | 0.060 | 0.073 0.087 | 0.103| 0.121 | 0.141) 0.164 
a 18 | 0.033 | 0.042 | 0.051 | 0.062| 0.075 0.090 | 0.106 | 0.125) 0.145) 0.169 \ ho Ds 
19 |0.034 | 0.043 | 0.053 | 0.064 | 0.077 | 0.092 | 0.109) 0.128 | 0.149! 0.173 
20 |0.035 |0.044 0.054 0.066) 0.079) 0.094) 0.112) 0.131) 0.153) 0.178 % Case Depth: 30 40 50 60 70 80 
21 | 0.036 | 0.045 | 0.055 | 0.067) 0.081 | 0.097 | 0.114 | 0.134 0.157 | 0.182 YTime:! 4 9 2& 36 49 &4 
22 | 0.037 | 0.046 | 0.056 | 0. 
23 |0.038 0.047| 0.098 0.070| 0.088 0.101 Example: Required carburizing and diffusion times 
24 |0.039/ 0.048 | 0.059 0.072 | 0.086 | 0.103 | 0.122 0.144 0.168] 0.195 1700° F. for 0.100-in. case in 4320, max. carbon 
Oa ee, 25 0.039 | 0.049 0.060 | 0.073 | 0.088 | 0.106 | 0.125 0.147| 0.171) 0.199 surface = 0.70% (approx. eutectoid) 
26 |0.040/ 0.050 |0.061 |0.075 | 0.090| 0.108| 0.127|0.150|0.175| 0.203) T = total time = 16 hr. (from table at left) 
27 |0.041| 0.051 |0.063 |0.076| 0.092 0.110|0.130/0.153|0.178| 0.206] = % C increase over base carbon after diffuses 
alas 28 | 0.042 | 0.052 | 0.064 | 0.078 | 0.094| 0.112/ 0.132 0.155| 0.181 | 0.210 = 0.70% minus 0.20% = 0.50 had 
29 0.042 | 0.053 | 0.065 | 0.079 | 0.095 | 0.114! 0.134 0.158) 0.185) 0.214 C. = % C increase over base carbon after carburizis 
30 | 0.043 | 0.054 | 0.066 | 0.080 | 0.097 | 0.116) 0.137 | 0.161 | 0.188) 0.217 = 1.25 minus020= 1.05  . 50 WE/ 
p 
For example: 4320 carburized at 1700° F. for 11 hr. at rics ( 
Trips temperature would attain “case depth” of 0.083 in. If = 3 hr. 40 min. , 
i 0.100 in. were specified it would require 16 hr. Diffusion time = 16 minus 3.64 = 12 hr. 20 min 
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“: Let us help you 


anticipate your 


postwar needs now” 


When conversion to peace-time operations 
becomes an actuality, new and complex prob- 
lems are certain to arise. New products and 
processes will demand entirely new types of 
equipment. Redesign will, in some cases, be a 
satisfactory solution. In other cases furnaces 
and heat treating equipment will require com- 
plete rebuilding. Regardless of the problems 


that confront you, depend on Flinn & Dreffein 


{ssociated Company 


WEAN ENGINEERING 


COMPANY, INC. 
WARREN, OHIO 


to provide the answers. Our Engineers 
are specialists in the design, engineering 
and construction of better heat treating 
units for efficient, economical production. 
Call on us today for help on current and 


anticipated needs. 
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REATING 


IORROW: As you turn from the forced pace of war 
e competitive considerations of peace you may have 
i for such heat treating skill and ability. If new prod- 
and new heat treating requirements loom large in 
plans you may find the same modern equipment, the 
e experience and “know-how” just the answer you 
l for product improvement, production efficiency and 
red costs. One of these Specialists can help NOW 
your future plans. His ideas may prove of great 
€to you. Check with him today. 


ANNEALING 
CARBURIZING 
CYANIDING 
HARDENING 
NORMALIZING 
NITRIDING 
STRAIGHTENING 
STRESS RELIEVING 
TEMPERING 


tyour HEAT TREATING In THE HANDS 


one or THESE SPECIALISTS @B 


a NEW YORK PHILADELPHIA 
Hei 
SPRING 1500 N. FRONT REGENT EAST 6255 
lired Heller Heat T ti Co tlab Co Me i Labs 
391 PEAR} ST.-BEEKMAN 34594.5 MERMA 


Rex & Erb 
LANSDALE, PA. - LANSDALE 4611 


PITTSBURGH, PA 
ee Commercial Heat Treating Co. 1801-31 SEDGLEY AVE. ~ SAGAMORE 3027 
A.’ SCHENLEY PARK 2258 


PROVIDENCE 


H. C. Schubert 
282 RICHMOND ST. - DEXTER 1731-4245 


WORCESTER, MASS. 


Greenman Steel Treating Co. 
284 GROVE ST. - WORCESTER 4-1725 


Massach tts Steel T 
118 HARDING ST. - 


VOC SERED o% 4 — 
The 9 | 
Carburizing | 
| 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Conductivity and heat transfer 
charts. Johns-Manville. Bulletin 167. Wilcox Co. 


Insulating firebrick. 
Bulletin 162. 


Babcock & 


inC 


See for Yourself! 


Sentry Model ** Y”’ 
High Speed Steel Hardening Furnace 


Any Alloy of High Speed 
or High Carbon High Chrome 
Steel quickly and easily hard- 
ened—free from scale or de- 
carburization and Maximum 


Hard. 


Sentry Diamond Blocks and 
Sentry Equipment in your 
Plant will give you both 
economy and quality. 


No special skill or training 
needed. Ready to work for 
you as soon an installed. 


No Generators—No Valves—Everything Automatic 


Bring sample pieces to Booth C-324 at the National Metal Congress 
eveland, October 16 through 20. A furnace will be in opera- 
tion for your examination, observation and demonstration of Sentry 


Quality Hardening. 


Send for Bulletin 1012-64. 


The Sentry Company 
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Electric-furnace graphite mok 
and sintering boats and carbon he 
treating boxes are described in Cy 
log Section M-8000. National Car 
Co. Bulletin 545. 


“Carbofrax” refractory skid rj 
are described and blueprinted 
many types of furnaces in 4 
20-page booklet by the Carborundy 
Co. Bulletin 500. 


Wesgo super refractory shapes a 
described in this bulletin, yw; 
ability to withstand almost 
amount of thermal abuse, the 
shapes possess high fusing range ( 
to 3100 deg. F.), low thermal es 
ductivity and complete freede 
from impurities such as iron. We 
ern Gold and Platinum Works, B 
letin 526. 


Zircon refractories in aluminu 
open hearth furnaces. Chas, Tayl 
Sons Co. Bulletin 347. 


Steel Plant Cement for hot ore 
patching of soaking pits, opé 
hearths, electric furnaces, forgid 
furnaces and reheating furnaces 
described in new folder by Elect 
Refractories & Alloys Corp. Bulle 
407. 


Heavy Duty Refractories. Nori 
Co. Bulletin 164. 


D-E insulating materials and the 
application are described in 1 
data booklet by Armstrong Cork | 
Bulletin 208. 


FINISHING PLATING ¢ 
CLEANING 


Revised editions of two bullet 
8, Anodizing and No. 9, 
mium Plating — have been issued 
Kelite Products, Inc. Each one 
lines the practice and techniqu 
the operations involved. Bullet 
589. 


A protective, deep black finish 
steel. Heatbath Corp. bulletin! 


Cyanide zinc and bright zinc 9 
ing with Turco Type X, Turco Pot 
kleen and Turco Penetro! is descr 
in this 10-page booklet by Tur 
Products, Inc. Bulletin 495. 


Use Handy Coupon on Page 

for Ordering Helpful Literature 
Other Manufacturers’ Li‘erature 
on Pages 652, 654, 656, ©», 660, db~ 
666, 668, 670, 672, 674, 670, 680, 68! 
896, 897, 898, 972, 988, 989 and 993 
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Ingenious Driver-Harris designs 
yrease loading capacities 50% to 100% 


Show us how to increase our workpiece charges in our pit furnaces” 
famous aircraft engine maker asked. In 9 days our engineers had the 
aswer. A variety of spiders, collars, screens and spacers were created 
ad assembled in jig-saw fashion to pack 85 camshafts into a 20 inch 

ircle, increasing output 50%. 

And in every instance where manufacturers have brought their toughest 
heat treating problems to us, our foundry engineers solved them by 
levising ingenious, capacity-increasing Nickel-Chromium fixtures. 

These unique forms dovetailed to hold larger quantities of similar \ 
parts and larger groups of related units on a more efficient production 
basis. With marked advantages in loading, production time was reduced; 
iiform processing assured; soft spots avoided ...and furnace down- 
ime shortened. 

Since 1916 Driver-Harris has pioneered in the design and construction 
heat treating fixtures. When, therefore, your production problems 
eed the knowledge of experts ... depend on us for a speedy solution. 
{es All fixtures illustrated above were designed and produced by 


Driver-Harris engineers to expand pit furnace capacity and 
flexibility for a leading aircraft engine manufacturer. 


Driver-Harris Company 


re HARRISON, N. J. 
%e Branches: Chicage, Detroit, Cleveland, Los Angeles, Son Francisco, Seattle 
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IMMEDIATE 
DELIVERY 


ALLOY 
and 
CARBON GRADES 
AS ROLLED, ANNEALED 
and 
HEAT TREATED 
MACHINERY STEELS 
COLD FINISHED 
and 
HOT ROLLED 


TOOL STEELS 
HIGH SPEED 
and 
CARBON GRADES 
DRILL ROD— TOOL BITS 


SPECIAL PLATES 
FLAME CUTTING 
FLAT GROUND STOCK 
BROACH TYPE 
HACK SAWS 


BENEDICT- 
MILLER 
INC. 


216 Clifford St., Newark 5, N. J. 


N. J. Phone: MArrket 3-6400 
N. Y. Phone: REctor 2-2732 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Helpful chart classifies Cowles 
metal cleaners for improved cleaning 
operations. Cowles Detergent Co. 
Bulletin 594. 


Roto-Finish equipment for de- 
burring, buffing, polishing and color- 
ing. Sturgis Products Co. Bulletin 
170. 


“Deoxidine” for a better rust re- 
moving and metal cleaning job is de- 
scribed along with several applica- 
tions in this 4-page leaflet. Ameri- 
can Chemical Paint Co. Bulletin 528. 


Motor-Generators for electroplat- 
ing and other electrolytic processes. 
Columbia Electric Mfg. Co. Bulletin 
173. 


New 144-page catalog “Chemicals 
by Glyco” features many tables of 
useful chemical and physical data. 
Glyco Products Co., Inc. Bulletin 
449, 


Three new booklets have been is- 
sued by the Enthone Co. describing 
an acid addition agent, hard drying 
rust-inhibiting waxes and a new al- 
kali steel cleaner. Bulletin 420. 


Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin 172. 


Electrochemical Descaling.  Bul- 
lard-Dunn Process Div., Bullard Co. 
Bulletin 212. 


Airless Rotoblast. Pangborn Corp. 
Bulletin 176. 


Rust inhibiting wax coatings for 
protection of metal. S. C. Johnson & 


Son, Inc. Bulletin 180. 
Tumbling and cleaning. Globe 
Stamping and Machine Co. Bulletin 


179. 


E. I. duPont 
Bulletin 177. 


Cadmium Plating. 
deNemours & Co., Inc. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 662, 664, 
666, 668, 670, 672, 674, 676, 680, 681, 688, 

892, 897, 898, 972, 988, 989 and 993. 


Metal Progress: Page 896 


> 


NEW 
Carbide Tipped 


This new carbide tip, a speci 
product backed by Ziv’s 33 yex 
of experience, assures gree 

economy and higher products 
in your tooling operations. Avi 

able in standard shapes. Spec 
shapes on request. Four grad 
of Ziv’s carbide tips to sel 
Come ready for use. 


TOOL AND DIE 


You will find our stock of carbon 
high speed tool and die steels the f: 
You can select exactly what you waz 
your particular tooling operation. On 
what you need today. 


tin 


Branch Offices and Warehouses 


1316 South Rockland — Calumet, Mic 
Calumet 1022 

14643 Meyers Road — Detroit 27, Mich 
Hogarth 0038 

420 West South St.— Indianapolis 4, 
Franklin 4292 

3731 W. Highland Bivd. - 
Milwaukee 8, Wis. West * 

1617 North 7th St.—St. Louis 6, Me 

Central 4310 


District Representatives 
Columbus 16, Ohio— Smith Bros Hardwe 


Co. —580 North Fourth St PSEY Fl 

Kansas City 10, Mo.—Richards & Cooo" 
ardware Co 

Minneapolis 1, Minn. — Northern Machie 
& Supply Co., Lumber Exchange OR INDI 
New Orleans La 

Woodward Wight & Co., Ltd. em Ste 
Salt Lake City %, Utah \luminuy 
Salt Lake Hardware ©. Motors 
Springfield 4, Mass. —Agawam Too! lotor 
77 Napier St Elects 


FREE 
New 84 page, il- é 
lustrated hand- 
book of tool and 
die steels, use- 
ful, informa- 
tive. Write beat 
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NEW 


MANUFACTURERS’ LITERATURE 


and steel. 
tin 446. 


veral practical data sheets show 


Diversey Corp. 


W. W. Sly Mfg. Co. Bulletin 521. 


“Surface-Peening” by shot-blasting 
jing methods used on aluminum, to improve the strength of metal 
parts is described in this leaflet by 


PSEY FURNACES 
RODUCING 
OR INDUSTRY 


em Stee] 
\luminum & Hrass 
M tors 


lotor Co 
rectric 
Kelvinator 


rYTOROOpe 
gton Pum; 
Machinery 
\eronautica! 


Pot Furnac: 


THE METALS 


Centinuous Heat, Quench and Draw Unit 


EMPSEY 


ENGINEERING SERVICE 


Many new and improved Heat Treating methods have 
been developed as a result of the gigantic task of producing 
for war. The knowledge of these methods is at your disposal 
now for either your present or future needs. Write, wire 
or phone today for the Dempsey “Engineering Survey 
Sheet” . . . a questionnaire of needs which will put you in 
line for modern heat treating equipment . . . or see us at 
the Metals Show, Booth E613. 

The Dempsey staff of Heat Treating Engineers are 
highly trained specialists who can serve your immediate 
needs or assist you NOW in drafting concrete plans for 
just the type of heat treating equipment you will want for 
most efficient peace time production. 


DEMPSEY INDUSTRIAL FURNACE CORP. 
SPRINGFIELD, MASS. 


Semi-Muffle Furnace 


Lead plating is discussed in new 
booklet issued by Harshaw Chemical 
Co. Bulletin 109. 


Service report describes use of 
Oakite machining, drawing, degreas- 
ing and descaling materials. Odakite 
Products, Inc. Bulletin 210. 


Catalog on finishing and cleaning. 
Frederick Gumm Chemical Co., Ine. 
Bulletin 292. 


Jetal process and its characteris- 
tics as a protective coating. Alrose 
Chemical Co. Bulletin 213. 


“Indium and Indium Plating”. 
dium Corp. of America. Bulletin 182. 


Special data sheets on compounds 
for various cleaning jobs are offered 
by MacDermid, Inc. Bulletin 436. 


Two informative cleaning booklets 
have been issued by Detrex Corpora- 
tion. 16-page booklet emphasizes 
fundamental practices for economi- 
cal use of degreasing solvents in 
metal cleaning departments. 8-page 
booklet describes alkali and emul- 
sion cleaning compounds for all 
types of metal cleaning jobs. Bulle- 
tin 554. 


ENGINEERING e APPLICA- 
TIONS e PARTS 


A complete 168-page commercial 
catalog on powder metallurgy has 
been released by Chrysler Corpora- 
tion’s Amplex Division. It presents 
a wide variety of up-to-the-minute 
engineering developments and facts 
on powder metal bearings and parts. 
Bulletin 583. 


Heat resisting alloys, cast-rolled- 
fabricated, and a line of heat treat- 
ing equipment, are described and 
illustrated in this 12-page booklet. 
Michigan Steel Casting Co. Bulletin 
584. 


s-page bulletin describes and illus- 
trates the various types of Meehanite 
manufactured for wear resisting ap- 
plications. Meehanite Research In- 
stitute. Bulletin 585. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 662, 664, 
666, 668, 670, 672, 674, 676, 680, 681, 688, 

892, 896, 898, 972, 98S, 989 and 993. 
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STEP AHEAD 
PROGRESS 


Specializing in 
e Localized Heat Treating 
e Localized Brazing 


of intricate and delicate 
precision parts by 


HIGH FREQUENCY 
INDUCTION 


Complete facilities for carburizing, 
cyaniding salt baths, high speed 
and other fields are here to serve 


you. 


Over one million parts of great 
variety have been successfully heat 
treated and brazed in our plant. 


“Know How” in 
heat treating 
brought us the 
Army-Navy “E” 
award. This 
“Know-How” 
will be available for your post- 
war heat treating problems. 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Illustrated literature describes de- 
tails and advantages of Elastic Stop 
Nuts. Elastic Stop Nut Corp. Bul- 
letin 595. 


Weldco crates and baskets that 
provide extra pay load, longer service 
life and greater safety are described 
in literature by the Youngstown 
Welding and Engineering Co. Bul- 
letin 598. 


Heat treating fixtures for pit-type 
furnaces are shown in new booklet 
by Driver-Harris Co. Bulletin 363. 


Pressed steel pots are described by 
Bell & Gossett Co. in new Bulletin 
364. 


Specifications and physical prop- 
erties of bronze and aluminum alloys 
are shown in Olds Alloys Co. Bulle- 
tin 457. 


24-page catalog is guide to proper- 
ties and use of Monsanto plastics. 
Monsanto Chemical Co. Bulletin 319. 


Carburizing Boxes. Pressed Steel 
Co. Bulletin 193. 


Chace manganese alloy No. 772 in 
sheets, strips, rod and special shapes 
described by W. M. Chace Co. Bul- 
letin 190. 


Catalog gives complete specifica- 
tion data on Bunting bearings and 
bars. Bunting Brass & Bronze Co. 
Bulletin 343. 


16-page booklet gives engineering 
standards and technical information 
on “AERO-THREAD” screw thread 
system. Well-illustrated and helpful 
booklet by Aircraft Screw Products 
Co., Inc. Bulletin 567. 


Illustrated leaflet presents data and 
uses of special alloys resisting cor- 
rosion, high temperatures and abra- 
sion. The Duraloy Co. Bulletin 390. 


HEAT TREATING & BRAZING CORP > 


250 WEST 541m STREET, NEW YORK, N.Y 
HARDENING ANNEALING SOLDERING BRAZING 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 662, 664, 
666, 668, 670, 672, 674, 676, 680, 681, 688, 

892, 896, 897, 972, 988, 989 and 993. 
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able to 175° F/h 
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* SIGNAL LIGHT INDICATIONS 
* NO SPECIAL CAMS TO CUT 
* NO EQUIPMENT TO SCRAP 


automatic, ATC 
trollers provide accurate contro! 
any combination of straight- 
heating, soaking or cooling stag 
Interwires in circuit of any stas 
ard thermocouple and pyrome! 
controller (potentiometer or ™ 
livoltmeter type). Operat! 
principle has been thorough 
proven in numerous tho 
over two years. Designs em 

eatest flexibility with sm 
settings made once oF © 
instrument. Write for data, ° 
lining your program. 

at the 


(NATIONAL METAL CONGRES | 
Electronic Input Contr 
for accurate contro 


temperature in 
Furnaces and Ovens 


Line of Signaling Timers 
protection of furnace 
Many redesigns ont 
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—a large commercial heat treater reports 


ea completely equipping his furnaces with “Carbofrax” hearths, this 
operator has secured the following results: 


GREATER PRODUCTION—because the furnaces are now more responsive, have 


faster comeback after charging. 


UNINTERRUPTED SERVICE—as hearths now remain straight and true under heavy 
loads with no time lost through shutdowns. 


FEWER REJECTS—due to maintenance of a smooth, level surface plus more uni- 
form temperature throughout each work chamber. 


REDUCED FUEL COSTS—resulting from the higher thermal conductivity of “Car- 


bofrax.” 


LOWER REPLACEMENT AND MAINTENANCE EXPENSE—through the longer life 


Most of these advantages were 
made possible by the rapid, 
uniform heat transmission of 
“Carbofrax.” Withathermal con- 
ductivity 1] to 12 times that of fire 
clay, a lower heat input is re- 
quired to attain desired working 
temperatures. Fuel is saved. Fur- 
naces can be operated much 


obtained from the hearth and other sections of the furnace linings. 


great variety of work is handled 
—may help you assay their 
value for your own heat-treat- 
ing furnaces. Better still, let us 
send a refractories engineer 
who will be glad to provide 
full details and make specific 
recommendations on how to 
secure results like these in 


faster. The Operator gets greater Typical “Carbotrax” shapes used =YOur Own plant. Write today. 

T production without harm to the in heat-treating furnaces. 

ad lining. THE CARBORUNDUM COMPANY 

te Important, too, is the outstanding resistance _—Refractories Division Perth Amboy, N. J. 

trol of “Carbofrax” to mechanical abrasion, spall- Philadelphia, Detroit, Cleve- 

ing and cracking. For thes rti 

tag 8 the Distributors McConnell Sales & Engineering Corp., Birming- 

tan that ensure a long, trouble-free life and elimi- ham, Ala.; Christy Firebrick Company, St. Louis, Mo.; Harrison 

nate the need for frequent replacements. Salt City, Pacific Abeasive Supply 
, = " ” ompany, Los Angeles & San Francisco, California; Denver 

om The successful performance of Carbofrax” fice Clay Company, El Paso, Texas; Smith-Sharpe Compaay, 

on hearths in this type of operation—where a Minneapolis, Mina. 

ug 

atio “Carborundum” and “Carbofrax” are registered trade marks of, and indicate manufacture by, The Carborundum Company 

img 


A close-up of one of the furnaces 
vted for heavy work. Note the 
heavy leads placed on the “Car- 
bofrax” hearth. 


 - TRADE MARK 
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by M. J. R. Morris, R. Sergeson and G. W. Gable 


In most instances found by examining micro- 
structure of quenched %-in, discs of 1-in. 
round, taken from furnace at 20° F. 


incre- 


Approximate Critical Temperatures 


ments. Grain size of steel unknown. Rate of 
heating and cooling about same as in fur- 


nace-cooling for 


commercial 


annealing 


On SLow HEATING 


On SLow CooLinG 


On SLow HEATING On Stow Coo.ine 


*These determinations were obtained on a 
Leeds & Northrup transformation apparatus, or a 


Rockwell dilatometer. 


NUMBER ; NUMBER 
Ac; Ac: ACs Ar; Ar; Ar, Ci Ac; Ac; Ar; Ar; Ar, 
Carbon Steels Nickel-Chromium Steels (Cont.) 
1010 1350 ; 1405 | 1605 1570 | 1400 1255 3240 1335 1425 | 1280 1240 
1015 1355 | 1410 | 1585 1545 1395 1265 3245 (a) 1345 1400 1270 1295 
1020 1355 | 1410 | 1570 1535 1395 1260 3250 (a) 1340 1375 1255 1200 
1025 1355 | 1405 (1545 1515 1405 1255 3312 1330 1370 1435 1240 1160 
1030 1350 | 1405 1495 1465 1405 1250 3325 (a) 1335 1365 1400 1230 1160 
1035 1345 1475 1455 ©1395 1275 3330 (a) 1320 1360 1380 1225 1145 
1040 1340 1455 1415 1275 3335 (a) 1310 1360 1200 1100 
X1040 (a) 1340 1450 1340 1270 3340 (a) 1290 1380 1180 1100 
1045 1340 1450 1405 1275 3415 (a) 1330 1370 1425 1340 1300 129 
X1045 (a) = 1335 1420 1330 1270 3435 (a) 1290 1380 1200 1150 
1050 1340 1425 1390 1275 3450 (a) 1290 1360 1200 1100 
X1050 (a) 11335 1400 1330 1270 Molybdenum Steels 
1055 1390 1425 | 1390 1275 4023-1360 1540 | 1430 1240 
X1055 (a) 1335 1400 1330 1270 4027 1360 1500 1400 1230 
1060 1340 1410 1370 1275 4032 1350 1495 1390 1295 
1065 (a) 1340 1385 1345 1285 4037 1320 1410 1340 1210 
X1065 1335 1380 1330 1280 4042 1315 1405 | 1330 1205 
1070 1345 1370 §1340 1280 4047 1310 1400 | 1320 1200 
1075 (a) = 1350 1365 1340 1280 4063 1360 1390 | 12290 119¢ 
1080 1360 ©1285 4130 1395 1435 1485 | 1405 1395 1280 
1095 1360 1290 X4130 1395 1435 1480 1405 1250 
10150 (a) 1355 1290 4135 (a) 1395 1440 1475 1380 1360 1280 
Free Cutting Steels 4140 1380 1460 1370 1280 
1112 1355 | 1410 | 1590 | 1545 1395 1265 4150 1365 1395 | 1355 1280 
1120 (a) 1355 1405 1550 1510 1400 1255 4340 1350 1425 725 
X1315 (a) 1345 1420 1520 | 1495 1370 1245 4345 (a) 1345 1415 1200 725 
X1330 1320 1400 1490 1380 1360 1240 4615 1335 1400 1485 1400 1320 1200 
X1335 1315 1390 1420 1360 1340 1220 4620 1335 1470 1390 1175 
X1340 1310 1400 1340 1210 4640 1320 1430 1300 1125 
Manganese Steels 4650 (a) 1315 1410 1260 1135 
1330 1325 1480 | 1340 1160 4815 | 1300 1440 | 1310 oe 
1335 1315 1460 1340 1165 4820 =| 1300 _| 1440 | 1260 | - 
1340 1315 1435 1310 1160 Chromium Steels 
1345 (a) 1315 1410 1300 1160 5120 1410° 1460° 1540°, 1470° 1420° 1295" 
1350 (a) 1310 1400 1255 1105 5140 1370 1440 1345 1280 
1360 (a) 1305 1405 1200 1095 5150 1330° 1420° 1280° 1220 
Nickel Steels 52100 1340 1415 1315 1280 
2015 (a) «1375 | 1475. 1575 1450 1400 1215 Chromium- Vanadium Steels 
2115 (a) 1345 1455 1525 1475 1380 1195 6115 (a) 1420 | 1460 | 1550 1450 1380 1300 
2317 1300 1350 1440 1350 1260 1100 6120 (a) 1410° 1460* 1545° 1440° 1380" 150" 
2320 (a) 1285 1345 1420 1235 | 1160 920 6125 (a) 1400 1440° 1490° 1390° 1360° 129 
2330 1275 1315 1400 1180 1050 6130 (a) 1390 1440 | 1485 1370 1340 1289. 
2335 (a) 1275 1375 1180 1050 6135 (a) 1390° 1480° 1370° 1280 
2340 1280 1360 1180 1060 6140 (a) 1390 1455 1375 1295 
2345 1280 1350 1180 1060 6145 (a) 1390 1450 1375 1290 
2350 (a) | 1280 1340 1180 1070 6150 1385 (1450 | 1375 = 
2515 1250 1335 1420 1220 1140 825 | 6195 (a) 1370 | 1425 | 1360 130 
2520 (a) 1240 1340 1390 1175 1025 895 Tungsten Steels - 
Nickel-Chromium Steels 7260 (a) 1360 1430 | 1370 = 
3115 1355 1400 | 1500 | 1470 | 1380 | 1240 National Emergency Steels - 
3120 1350 1400 1480 1455 1380 1239 |NE8620 1340" 1530°) 1415° 
3125 (a) 1350 1395 1465 1400 1380 1220 | NE8630 1350° 1480° 1340 aa 
3130 1345 1380 1460 1360 1229 | NE8637 (b) 1350° 1450°* 1300° 
3135 1340 1445 1300 1299 | NE8650 (b) 1340° 1420° 1240° 
3140 1355 1415 1295 12290 |NE9255 1400 1500 1380 
X3140 1350 1430 1300 1249 |NE9260 1400 1500 | 1380 
3145 1355 1395 1295 1220 | NE 9420 1340 1510 1390 1270 
$150 1355 1380 1275 1215 | NE9430 1360 1430 1240 - 
$215 (a) 1350 1410 1465 1415 1350 1240 |NE9440 1350 1425 1290 1 
3220(a) | 1350 1415 1460 1405 1355 1240 | NE9540 1360 | 1450 1320 1200 
$230 (a) | 1340 | 1435 | 1395 1240 | NE9542 1360 | | 1450 | 1320 | 1200) 


(a) This number not in the official S.\.5. list 


for 1942. 


(b) Molybdenum on high side of speci icatio® 
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Compiled by F R Morral ELECTROPLATING METALS Sheet id 
Plating Solution: Garant | Thickness 
Metals Crows per Liter Anodes lemp,c pH Coating Uses | 
Brass CUCN 26.2 75% Cu 10 75 | Rubber bonding 
ZNICN)2 113 25 % ZN 27-35; 110 
Nacn 45.0 
CUCN 270 80%Cu | 23 24-38 Difficult to plete | 
ZN(CNle 30 20%ZN to 2-3 directly an mal- 
NaCN 5525 Qs leable cast iron 
500 and stainless stee| 
NHs 12 
CuCN 180 | 
ZNICN)> 10.15 04 26 
NaCN 120 
Cadmium | 1823-39, 1b)20-32 | Soluble-Cd| O5 20-35 85-98 Finish coati 
NaCN 86-131, 66-110 | insol-Steel| to py bright dip 
Addition Agent 54 T8.0.0038-+ 
Chromium Cr Os; 400 Insol.- Pb 200015 to 
SOs 4 4-10 10-15 \a00050mm| Decorative 
250 5.7- 40 Q025mmfnrat 55°C.\ Hard platest | 
(SQ4) 25 15.5 and 31 amp/sq.dm. | least 254 thick 
Cobalt 175 Cast zrolled |\04-42 Foom| 55+ | 90-98 
CoSQ, 278 Cobalt 38- | 
NaCc/ 125 Room 100 4 
HsBOs 45 
COSO4 278 3-5 RT | 52 | 83-93 
NeF /4 and 
HsBOs 45 Up 
Copper CuS04.5+40 180 Cast orroiltd 3-6 21-50 100 Electrotyping 
45 cu 
Glue 2003 
CuCN 120 Electrolytic | 12- \al-2 | 75-85 100 Bright deposits 
135 Cu 11 \(bh3-4 Q051mm.|_ up to this thickness 
mostly used for 
or KOH 42 plating. High 
Brightener 15 bath 
Anti-pit agent 15 
CUCN 15 Cast Cu Used for strike 
NaCN 23 or Q017 to | cyeaning and some 
NazCOs variable Electrolytic Cu variable Q0254™mm. | plating 
CuCN 26 25 50-80 60-30% at 55. Striking, plating 
NaCN 35 70-40% at 70%. more easily COn- 
NalOs 30 122-128 trolled, heavy deposit 
Rochelle Salt 45 (av. 126) Base coating an stet 
(4 Hg Og.4 to be coated with Na ISIT 
Gold Metallic Au 2./ Insoluble; | Qii Cu Brass, Ni and 
(as fulminate or cyanide) or to | 2-5 |40-80 100% |Q0003mm.| Ag readily pleted | 
KCN 15.0 Soluble O54 Steel must be pistes 
N@zHPO, 40 Gold first with one of 
Na2CO0s variable the above 
“Salt water process * Zn O54 | 2-5 
Metallic Au 12 
OHO 15.0 
25 
40 
Na,S0; GIS 
400-500 High 65 90 |QOIN = 
purity Fe HC/ 
350 20 60 | 60 sized mec’ 
Lead 150 Corraoding | O54 25-40 100% \uptoQ02smm. Gives 
S5O%HF 240 or to 54 plete ore 
HsBOs 106 chemical Ph \lav. 2.2) steel. Fir’ 


Modern Electroplating: paper=(1) 2.88; (2) p. 103; (3) p.120; 4) p 148; (5) p.158; (6) p. 174; (7) 2. 188;(8) p. 200; (9) p. 


Note:@) barre! plating 


(0) still 


x Minimum thickness of the three types specified in A.8TM specification A165-40T 
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REMOVE SCALE 


HEAT TREAT 


—+Q 


ISIT THE DIVERSEY EXHIBIT 
SPACE #A-624 


ATIONAL METAL EXPOSITION 
leveland, Ohio, October 16-20 


HELP WANTED? 
JUST CALLA 


MIVERSEY 
-~MAN 


WITH DIVERSEY 


EVERITE 


Diversey Everite is a powerful solvent specially developed 
to remove heat scale quickly and completely without harm- 
ing the sound metal. Will not change dimensions of forgings 
and castings. Also removes rust from metal surfaces. Reduces 
hydrogen embrittlement. Economical ... works only on ox- 
ide and other unwanted deposits ... not on the metal. Easy 
to use by soak or circulating method. P.S.—Remove quench- 
ing oil with Diversey DC-22 in tank cleaning or DC-14 in 
power washer. 


1. REDUCES HYDROGEN EMBRITTLEMENT 


Here's proof—Place a small wad of steel wool in graduates filled 
with Diversey Everite and raw acid. Note how the steel wool 
is carried to the surface by bubbles of hydrogen released by the 
raw acid. In the Everite solution, the steel wool remains at 
the bottom... there’s no evolution of hydrogen, no corrosion. 


2. WILL NOT INJURE METAL SURFACE 


Here’s proof—Select two rusty pieces of steel. Place one in a 
solution of Diversey Everite and the other in raw acid. Note 
how Everite removes the rust quickly and completely, AND 
THEN STOPS while the raw acid continues to dissolve the 
sound metal after the rust is gone. 


For Liberal Experimental Sample Write Metal industries Dept. 


53 W. Jackson Bivd. 


THE DIVERSEY CORPORATION chicago 4, mi. 
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ELECTROPLATING METALS 


Compiled by FR. Morral Sheet of 
\Vollage; | Current | 
Metals per Liter Anodes | Volts Yemp,*C pH Coating Uses 
lead 300 O54- 100% \uptal27mm\ Barrel or still 
(continued) 50% HF 480 26 plating 
HsBOs; 212 (av. 3.2) 
Glue O22 
Pb 75 O54 QI |35-40 100 % Cheap far large 
Total fluosilicate to to scale aperetions 
Glue 88 Decomposes tasily 
Sulfamate Pb process QS to \a) 3-8 | 25-50 | 13-20 | 100% Lubricant inwire | 
Sp. gr soln. 30°Be 45 \(b)9-14 fav. 15) Orawing. 
Nickel NiSO4.7HyO 240 % 15-30 Bright Ni deposits. 
NiCh.GHyO 45 Ni, rolled 45-58 Grain size less 
HsBOs; 30 depolarized | 43 43 90-100 than QO000!1 mm. 
Anti-pitting agent & 
Platinum NH4gNOs /00 Pt Use nickel 
NeNOQ, /0 undercoat 
6.5 
NH4 OH (28 %) SO O44 24 64-7 
Palladium PdCh.2yO 37 Pt or Po Plate rectly, or 
Na@zHPQ, 100 Q2-03| /-2 50 7 over flash Ni 4 
20 unoercoat 
CrH6Q02 25 
Rhoawsm (conc CP) /nsol. Use bright Ni 
Bh. metal preparation Pt undercoat 
(Concentrated Solution) 2 40-50 
(ortho) 85 Ye 4O Cc. 
Rh. prepared 20 
Ruthenium RuNOCh 4 
cone. P 20Cc. 22 25 
Silver Ag metal 25-33 Ag 24-52 
KCN (free) 30-45 Q5-15 (av. 27)\ 115-12 
50-90 999.5 100% 
CS>2 up to fine 
* Jin 30-90 Pure 8n 11-43 \Q68-18 | 21-27 95-100 
30-I50 (also 
Addition agents (various) 05-350 up to43 
(6) PureSn |108-432 60-80 60-30 1944 satisfactory 
75 188 4-6 for steel; 76-127 i 
Ne Acetate 5 225 for non-ferrous Ca 
0,100 vol) Q5 metals, 
Zine 240-550 |FBS-999%) 1-3 
15-30 Zn falsoup| 4 24-30| 35-45 | 9G 
Addition Agent: to 200) 20038 to Te 
or Q025mm. 
AlCls.GH20 or 
02.3420 
9975 % \(ai1-2 140-50) (a) 90-95 
NeCN 23 375 Zn (b) 8-12 (b)40-20 (b) 85-95 
NaOH 53 90 
(0375 (b) 60 98.25 % 11 tolé 
NeCN 225 30 Zn+  |anode)| 4-6 | 40 
NeOH S800 45 Q5-1% \uptods (30-50) 90 L 
Hg Sait Q25 O25 Hg (cathodes + its | 
ZAICN), 12)60-82 (b)60-82| 998%; Q2 \als-6 
187-64 34-75\ Zn+other |\to 107 \(b)10-15| 20-45 75-95 Bright prate 
2n-Al- HQ; prefer Stan 
NaOH 75-112 75-97 278-378 oper 
Addition Agent Zn-Mg 
Indium for details see reference 


an Am. Electroplating Society, June 1942; Modern Electroplating: (12) p. 239: (18) 0.278: (14) 2.279; 281; (16) 285 


(18) 320; (19) p. 333; (20) p. 3496; (21) 2. 385; (22110. 366; (23) 369; (24) Steel, November 9, 2.80 (1942); (25) JL. Bray ane FRM 
Surface Treatment of Metals.-A.$.M. 1941, p. 108; (26) Loose, Nickel Plating Magnesium Alloys. Trans. EIECIPOCNE® 
Preor 8;(27)F J Bowen and L. / Gilbertson. The Electrodeposition of Silver on 


Note: In all electroplating of metals a standerd procedure has to 
tion of the surface to be coated. (2) Activation of thus surface. 


nesium, Trans. Electrochem. Soc 
be followed This consists of 4 fundamental steo° '< 
(3) Actual coating. (4) Finish of the coating. Tr 7! 


the various metals. Same eiectrodeposits ao not adhere directly to the basic metal and undercoats of metals adr © 
basic metal and the coating have to be used. Certain metals offer difficulties in preparation. MAQNESIT) 18 2 good & 
using specia/ electrolytic solutions have Deen deve. (26, 27) st Furnace 


: FUSION 


7 (1942). 


un on electrotinned strip induction heath 
Stee! Plant 30, oy "9 
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THE NEW WESTINGHOUSE 


TYPE G MULTIPLE-OUTLET 
WELDING PANEL 


Now, with the new Westinghouse liquid-cooled MULTI- 


WELD PANEL, as many as ten welders can operate from a single, 


compact power source. Twenty different current steps are avail- 


able at each of the ten outlets. Transmission losses due to long 


Ten outlets leads are reduced and considerable lead cable is saved. 


in one compact - This new multiple-outlet welding panel is the only unit of 
portable unit its kind using liquid cooling for resistors. This design produces 


a smoother arc, without the current surges common to air- 


Ten- i i vai 
ampere steps in current rating available cooled units. It also permits smaller size, so that the panel can 
over range of unit. 


b ily moved—passed through doorway: nd 
Liquid-cooled resistors—the only design of ays and hatches s 


brought right to the job—with consequent saving in cable, 


ts kind for use in constant potential welding. 
10 to 200, 300 or 400 amperes— 0 or 70 con- current and operating time. 


potential voltage—for use with multiple- Get the facts about how this new unit can increase efficiency 
operator weld sets. 


in your multi-welding operations—write for Booklet B-3352. 
) Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa., Dept.7-N. 


Westin nghouse : 


WESTINGHOUSE PRESENTS 
4 » ++ JOHN CHARLES THOMAS PLANTS IN 25 CITIES. OFFICES EVERY WHERE 


SUN. 2:30 EWT., NBC. 
“TOP OF THE EVENING” 
MON. WED. FRE 10:15 EWT., BLUE NET. W ELD E PR S A N D ELE C T R 0 D E S 
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PORTRAIT OF STEEL BEING PICKLED 


Whether you are cleaning steel for electroplating, protecting 
netals against rust and corrosion, or preparing aluminum for 
pot-welding, this is the picture of working factors in the 
ientifically balanced chemical compound. It is a cement 
‘oor being cleaned. It is a diesel engine or coils being de- 
xaled. It is Turco in action. 
the relative value and balance of all the factors is deter- 
nned by RE; for Research and Experience are the directing 
gents. They assign roles, give to each agent the correct 
mphasis, balance them all (one factor does not insure effec- 
Yen€ss in a compound any more than one drug in a pre- 
“"iption). RE symbolizes two decades Turco laboratories 
uve devoted to solving industry's vital problems in the 
nditioning, maintaining and cleaning of surfaces. Take 
‘vantage of it on everything from washing a locomotive to 
“paring aluminum for anodizing. Call the Turco Field 
*ervice Man, or write to Turco. 


* For 4 fuller explanation of these vital factors, write for Turco’s 
The Chemistry of Chemical Compounds,” on your leterbead, please. 


TUR CO PROD 
Hou 


—Emulsifying Action disperses grease and oil as tiny glob- 
ules, suspends them, and prevents redeposition. 


—Colloidal Activity disperses solids into minute particles 
easily removed. 


—Saponifying Value is the ability to convert organic fats 
and oils into soluble soaps. 


—Total Alkalinity (or acidity) is the total amount of either 
available for cleaning. 


—Buffer Index is the ability to absorb either alkaline or 
acid soil to prolong solution efficiency. ; 


—A yardstick for measuring the energy of alkalinity or * 
acidity. 
—Solvent Action is the ability to put soil into solution. 


—Wetting Action lowers surface and interfacial tensions, 
causing solution penetration to base surface. 


—Water Conditioning removes or controls the elements 
which cause water hardness. 


—all the elements above are mobilized through Turco’s 
Research and Experience.* 


URCO 


INDUSTRIAL CHEMICAL COMPOUNDS 


t 
4 \ 
XG 
| 
| 
8 
| 
Write Dept. MP-10 
INC. Main Office and Factory: 6135 S. Rector}: 1606 
* Chicage Office and Factory: 125 Wess <6ch Chicago 9. Iiliacis Ofies aed Warehean 
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KLOWER 


> 
} | th 
as 
ad 
By 
"Production line” handling of treated 
‘6 ports is possible with the convenient 
Z ae placing of furnaces, quench tanks and 
tek conveyors. The blower, mounted on a 
platform, takes no floor space. 
7 
Mounted atop and approximately in the 
center of this long car-type furnace is a 
Type "G" Motorblower supplying com- 
bustion oir. 
wie This George J. Hagan Co. installation is a typi- 
$3 cal example of modern pusher-type recirculating 
cy furnaces for heat treating. 
Type “G” Motorblowers are a logical source 
it of combustion air in such installations, for they 


have the built-in qualities that are necessary for 


‘ 


dependable, trouble-free operation. 


ana 


‘ro int 


Specify Type ‘’“G’’ MOTORBLOWERS 


PRESSURE: 4 to 2% Ib. POWER: 2 to 30 hp. 
VOLUME: 100 to 4500 cfm. BULLETIN: Form 2671-B 


Turbo Blowers up to 14500 hp. 


11 BROADWAY, NEW YORK 4, N. Y. 


2-362 


COMPRESSORS * AIR TOOLS * ROCK DRILLS * TURBO BLOWERS * CONDENSERS * CENTRIFUGAL PUMPS * OIL AND GAS ENGINES 
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Tentative Values Suggested by Committee E-1, A.S.T.M., Adapted From Original 
Work by Howard Scott and T. H. Gray. Westinghouse Electric & Mfg. Co. 


Hardness Conversions for Hardened Stee! 


Les Rockwell Hardness 33 Brinel) }ardhess 
8| S | Hultgren Ball | Steel Ball | 
SS Candice Bo | DPN 940 DPN900 | 

13. Q29 
SATS x Scale | Scale | Scale | & Number| in mm. | Number | inmm. Number) inmm| 38 

Re Ry IS-N | 30-N | 45-N | Sol Mon. | BHN | mm. BHN | mm BHN | mm 


82—— 91 68 — a5 682 (Ten Times the oF in inches) _| 
— = 70 E 772 200 | Q017 | 0.038 | 0072 | 0015 | | 0185 
+} -800 64 4 8/-—j— 7;—+— 88 300 | 0.014 | 0.031 | 0059 | | 0.032 | 0/55 
— = = —— = 400 | G012 | 0.02? | 0050 | 2009 | 0.026 | 0088 
84 82 + — 95 500 | 0.011 | 00024 | | 0.007 | | 00K 
=  — 73 22 600 | 0.010 | 0.022 | 0.038 | 0.006 | | 0068 
= = = - FB—-——,_F, Eo 700 | 0.0002 | 0.020 | 0.033 | 0005 | 001% | — 
= 900 $= 85 = I= 94 800 | 0.0086 | 0.019 | 0030 | 0.004 | 0013 | — S 
= 900 | 0.0081 | 0.018 | | 0003 | A012 | — € 
— 950 = — = = 1000 | 0.0076 | 0.017 | 0003 — 
= = = Monotron tests at aii hardnesses can be mace on 
— = — = Q018-in. stock. Scleroscope numbers vary with size; 
— = = = = = = = given are for j-in. pieces ae 


* From Westinghouse Standard § 5071 


In operating any test machine, follow manu- 


to bottom of impression. (An exception is that 
Rockwell test values for shallow hardened stee! 
2 points higher than by conversio® 


facturer’s instructions and check frequently may be 1 or 2 ee 
against test blocks. Major causes of discrepancy: from DPH.) 
(a) Decarburized skin, (b) specimens too thin, (c) For sintered carbides (DPH 900 to 1700) with 
off-standard indenters, (d) inaccuracy of machine. much higher modulus the relations betwe: : — 

Above conversions are for steel, irrespective 2.449 XY 
of composition and structure, up to its maximum and R. may be computed from DPH Bp —R.)* 
hardness, and for any other material having about wherein constant B is 118 for carbide (/20 for 
30,000,000 psi. elastic modulus, uniform in depth steel). a 
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30 
20 704-42 32} - 50-400 [2294-400 10 
30 
34 54 36 42 321 1-340 [|-3e7 340 | 
56 56 52 44 34) 330 34/ 330 34/—4+—330 }- 
58 58 40 46 552 525 
4 48 375 3.15 
400 71 8] 60 44 56: 388 310 —190- 
42 46-70 58 50—}- 388 388——-3/0 a 
g2-+- 62 401 305 ~ 200 
44 48 60 415 500 | 47/5 1-300 
50 429 295 4294-295 
‘ 46 62 444 290 
64—— set 461-+- 285 CK 461—t-285 
500 85 544 — 66 — 604 49 280-1477 += 2.80 
86 56+_ 68 62—— 4954-275 (4951-275 
52 70 64 514-270 514.——270 
550 77 58 70 27) 
7/ 66 534-+- 265 F 
600 23 70 555 260 260 
56 29 62 “ 578-255 300 
601 +— 250 310- 
75 


In Your War Production? 
For Your Postwar Production? 


As compared with alkalis, trichlorothelene and ordinary ‘emulsions’ —Solventol offers four 
distinctly new phases in the development of “’solvents in water’ mechanisms: (1) complete 
breakdown and removal of all soil, grease and grit; (2) complete rinsing; (3) freedom from 
all surface reaction; (4) protection of surfaces between operations . . . against rust, corro- 
sion and finger printing. 

Solventol synthetic-organic fluids for all metal parts washing . . . have been developed through 
14 years of unique research. Solventol processes are the choice of top war producers . . . and 
postwar leaders. heey: layouts, washing equipment, process engineering instruction end 
follow-through . . . are included in our national service. 


ri Us at Space E-610, National Metal Congress 
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ROUGHT NICKEL used throughout American industry 
is commercially pure metal, specifically “A” nickel to 
distinguish it from and from special 
alloys _ “D” nickel containing 45% manganese —y from 


Wrought Cast 
Nickel (plus cobalt) 99.4 96.7 
Copper 0.1 0.35 
Iron 0.15 0.5 
anganese 0.2 0.45 
ilicon 0.05 1.5 
arbon* | 0.1 0.5 


*A low carbon variety (0.01 to 0.02%) is known as 
“caron-free nickel”. 


Magnetic Properties 
At fleld strength of 100 cm.° 


Induction, gausses je 
Permeability, .. 60 

At m etic induction B= ‘10,000 gausses: 
oercive force, gilberts percm. .. .. .. 5.2 
Retentivity, gausses .. 
Hysteresis, ergs per cc. per cycle a 


Tensile Properties at Elevated Temperatures 


Test | Tensile LS Elo tion 
Stre 
Temperature) Strength | (0.2% o set) in 
300°F | 75,000 | 22,000 48% 
400 75,000 21,000 | 45 
600 79,000 21,000 } 47 
82,000 f 47 
1200 33,000 15,000 51 
1500 22,000 9,000 63 


Scleroscope Number 


Engineering Properties of “A” Nickel 


Data from International Nickel Co., Inc. 


Physical Constants of “A” Nickel 


Melting point 
2615 to 2635 
1435 to 1445 
Specific heat at (80° to 212° F.) (27° to 100° C.)..... 0.130 


Heat expansion coefficient 

Thermal conductivity 
at (80° to 212° F.), Btu./sq.ft./hr./* F./in......... 420 
at (27° to 100° C.), cal./sq.cm./sec./* C./cm....... 0.145 

Electrical resistivity 

coefficient of electrical 


co 


11,000,000 


Fatigue and Corrosion Fatigue Limits* 


No.of | Cold Drawn Rod Tested in | Annealed Rod Tested in 


to — 
Failure Fresh Sea Fresh Sea 
Air Water Water Air Water | Water 
10* 109 110 
10° 84 80 52 52 52 
10° 63 56 54 40 39 37 
10° 52 34 30 34 27 24 
10° 50 26 23 33 23 21 
50 24 21 33 | 3 


Average Tensile Properties and Hardness of Wrought Nickel 


*The stress given is the stress to cause failure, in - 
psi., in one direction only. The method of wy ¥— 

stress to vary from these values in tension to the same 
values in compression, and return, during each cycle of 
operation. 


Scleroscoge Number 


Rockwell Hardness iS 
Rockwe// “C* 


3 15 20 2 30 35 5 20 2 30 35 . 

S 
S 
Hot Roles: Forged: Cold 4 | Cold Rolled Sheet & Strip / 

Neld Strength | Yield Strength | 60 
40 a 40 +— 40 
| 4 | ; 
5O 60 70 80 GOO 50 60 6) 80 


Rockwell Haroness & 
Rockwe// 


Arnesied—>}e— C Cold Drawn—>} 


Skin 
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Yield 


IT’S REALLY 


elite has developed scientific 

cleaning and processing 
rough pH Control. pH Control 
the “yardstick of chemistry.” 
‘tas degrees Fahrenheit are a 
‘asurement of temperature, or 
ches a measurement of lineal 
‘lance, or pounds a measure- 
ent of weight—so pH is a meas- 
tment of cleaning effectiveness 
ren used in the copyrighted 


rlite method. 


Soil, grease, corrosion, paint. 
ut stains, yes, in fact every sub- 
ance in the universe has a defi- 
* location on the Kelite pH 
art. Thus it is simple to select 
material of correct pH value to 


fd mar DOES THE JOB! 


reduce contamination to a neutral 
state, or to break the adhesion of 
an undersirable coating, or to dis- 
solve a substance so that it may 
be easily rinsed away. 

Every Kelite Service Engi- 
neer is equipped to do pH testing 


INDUSTRIAL CHEMICAL PROCESSES AND MATERIALS 


Copyright 1944, KELITE PRODUCTS, INC. 909 E. 60th St., Los Angeles 1, Calif. 


Mfg. Plant«: Los Avxceces, Curcaco, Amnoy, Housros. Branches in principal cities 
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THERE’S NO ELIXIR TO CURE 
YOUR CLEANING PROBLEMS 


right in your plant. His demon- 
stration may seem like sheer 
magic to you, but he is really only 
applying a modern scientific 
principle to the age-old problem 
of cleaning. 


Kelite invites your inquiry. 
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Rules Governing Forging Machine Dies 


(Adapted from E. R. Frost; Courtesy National Machinery Co.) 


Rule I— The limiting length of unsupported 
stock that can be gathered or upset in one blow 
without injurious buckling is three diameters. 


y 


Gripping Die 


Note (a): A safer maximum length is 2'd; 
little attention need be paid to squareness of 


Q 


Hesdin 
Too/ 


Rule IV—Large amounts of siock can be 
gathered by multiple application of Rule II ang 
III, and by using square or tapered impressions. 


Note (a): In making the wide flange in sketch a 
left, below, the first and second impressions are withip 
the 14d limit, but the third, being a short upset under 
Rule I, is unlimited in diameter. 

Note (b): The side of the square may be 1%d of 
the original bar, and the diameter of the next round 
may be 1% times the diagonal of the square. 

Note (c): Tapered holes are proportioned as to 
their diameters at midlength of unsupported stock. 


end if l=2d. If l>3d, buckling will occur 
near the middle of the unsupported length. These 


principles hold irrespective of whether the stock 


d 


overhangs the face of the gripping dies, or 


whether any portion is gathered in either grip- 


ping dies, heading tool or both. 


Rule II— Lengths of stock more than 
3d can be gathered or upset in one blow 
provided the upset is contained in either 
the gripping die or a straight or slightly 
tapered hole in the heading tool, and the 


of Square 


Diameter= '2 Diagonal 


diameter of the upset made in that blow 
is not more than 14d. 
Note (a): Multiple buckling will be checked 


by contact with sides of the die, and friction 
therewith will cause a fin to form around end of 


i 


Hesding Tools 


upset. Such long upsets cannot be made half 
in one die and half in the other, for central 
buckle will receive no side support. 

Note (b): A safer max. is 1.3d, and if Rule 
I is also applied, the upset will be free from end fins. 


Gripping Die 


Note (c): For very long upsets, it is helpful 
to have the end of the bar at a lower temperature, and 
to have a minimum diameter upset for the outer half of 
the die, the inner half tapering 4° to wider diameter 
at the base. 

Note (d): In upsetting tubing, wall thickness can- 
not be increased externally more than 25% at one 
blow; internal upsets are almost unlimited because 
arch effect prevents internal buckling. 


Rule III— For upsets requiring more than 
3d in length of stock, and in which the upset is 
144d, the amount of unsupported stock beyond 
the face of the die must not exceed 1d (opera- 
tion 1, at right). 


Note (a): Unsupported stock can amount to 
1‘. d if diameter of upset is reduced to 1% d. 


Hesdin 
Too/ 


} 
Face of 
Gripping Die 


Gripping Die | 


Rule V—Sliding dies, for upsetting stock at 
some distance from the end of a bar, are 
governed by all the above rules. 


Note (a): Friction along the sides of the sliding 
die will favor upsetting near its front end, so multiple 
impressions should be alternately in front and rear 
half, or alternately in sliding die and gripping die, % 
shown in sketch below. 
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/ 
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Sliding 


Die Stationary Die 
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HIGH SPEED STEEL 


have 154,999,999 brothers! 


MQ-MAX tool totals run into “box-car figures”. For 
example, one tool maker alone has turned out no 
less than 155 million cutting tools of MO-MAX. From 
this you can judge the wide acceptance now en- 
joyed by the first commercially available molyb- 
denum high speed steel. a steel that has proved its 
leadership in ten years of test and performance. 


MQ-MAX has superior cutting quality. Itisahappy ¥ 
combination of great toughness and high hardness. ¥ 


Its basic composition is long established and ob- 
tainable from any sources. Special varieties, such 
as the cobalt types and hot die steel have been de- 
veloped, and are available to those who need them. 


important facts about 
MO-MAX are present 
along with other use 
information, in an illus- 


ptrated, chart-packed tech- 


omical data book which is 
purs for the asking. 

LAND TWIST DRILL CO. 
49th St., Cleveland 14,0. 
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Toolsteels for Hot Working Iron and Stee! 


By H. E. Replogle, Universal-Cyclops Steel Corp. 


Requirements for All Hot Work Tools: 

1. Sufficient toughness to resist working stresses. 

2. Of such composition and in such heat treated 
condition as to resist softening when in service. 

3. To have adequate wear resisting properties to 
assure normal, economical life. 

4. Of such composition and heat treated condi- 
tion as to wholly or partially resist the tend- 
ency towards heat or fire checking. 


Influence of Design: 

1. Wedge designs, sharp corners and thin sections 
promote chances of breakage and require in- 
herently tougher compositions, usually secured 
through lower total alloy content steels. 

. Designs including raised sections partially or 
wholly buried in hot metal require higher red 
hardness and may not require as high tough- 
ness characteristics as other wedge designs. 


Importance of Mechanical Set-Up: 

1. All forging dies should be properly lined up. 

2. Machines should be true to assure uniform ap- 
plication of pressure or impact. 

3. Dies should be adjusted in hand fed and auto- 
matic forging machines to prevent excessive 
pressure on the faces of the dies, thus decreas- 
ing probability of fatigue failures. 

4. Dies should not be mounted in worn or warped 
shoes or holders. 


Importance of Adequate Preheating: 
1. Well warmed dies and tools are less susceptible 


to cracking. 


2. Minimum temperatures secured through use of buried 
unit heaters in certain types of drop forging dies pro. 
long service life and retard heat checking. 


Importance of Cooling: 
1. Methods of cooling—Air, Oil, Water. Retards loca)- 
ized heating which may exert a tempering and soft- 
ening action. 
a—Air cooling least drastic—applicable to all types 
of tools. Also serves to blow away scale which 
if present, will cause undue wear of dies. 

b—Oil cooling—somewhat more severe and rapid but 
rarely detrimental to any tool or die. 

c—Water cooling—most effective, but very drastic and 
often dangerous. When large dies attain high 
temperatures, water cooling tends to cause heat 
checking. Punches and small dies are often suc- 
cessfully cooled with an ample flow of water. 


Influence of Die and Tool Lubrication: 


1. Heavy graphite bearing greases serve as lubricants 
and prevent sticking. Usually assures better wear 


Quenching: 

Among the data given below are recommenda- 
tions as to the quenching medium; oil, air and “oil 
& air”. The words “oil & air” signify an interrupted 
or timed quench, wherein a tool or die is quenched 
in oil to a temperature of about 1000° F., or where 
all color disappears; when this state is reached, the 
tool or die is removed and allowed to cool naturally 
in still air until cool enough to be handled in the 
bare hands. It should then be drawn as directed 


Recommended Compositions, Heat Treatments and Hardnesses 


Analysis 


Heat Treatment ( °F.) 
‘ Brinel! 


0.35 


Pre-Heat High Heat Quench Draw Hardness 


1200 400 to 450 
1100 400 to 450 
1200 400 to 450 
1200 400 0 450 
1250 400 to 450 


Ore 


539 to 578 
539 to 578 


Gripper Dies for Hand Fed Machines 


0.20 2.75 1200 
0.35 9.00 rT 1200 
1.00 ees 0.50 1200 


Gripper Dies for Automatic Machines 


mes 1.30 1.45 1400 
1.00 awe 0.50 1200 


Header Dies for Hand Fed Machines 


0.20 2.75 

0.35 9.00 
1.30 1.45 
7.50 eves 


Header Dies for Automatic Machines 
0.20 2.75 ee 
ae 1.30 1.45 

7.50 


Forging Punches 
9.00 1175 425 to 450 


1.00 130 1.45 1100 «00 to 450 
1.50 7.50 1250 400t0 450 


450 to 500 
450 to 500 
450 to 500 


444 to 526 
444 to 526 


1225 430 vo 461 
1175 430 to46l 
1100 400 to 450 
1250 400 to 450 


1250 388 to 429 
1100 400 to 450 
1250 400 to 450 


*Vanadium was eliminated from anal- 
yses by order of War Production Boar’ during 
1942 and part of 1943. However, the: ra 
tions were removed by Order M-21-1 Aus. * 
1943, and analyses as shown are now perms 
sible, but still subject to limitation to 


Above data do not represent all of the types being used for 
the various applications listed, nor the only heat treatments 
or hardness values for these types. Neither do the above 
listings include flat, cut and swaging dies used in beam, steam 
or air hammers. However, the list represents the broadest 
general selections used commercially in the services noted. 


" 

Mn Si Cr v* 

3 Insert Dies in Upsetters 

ae 0.30 0.40 1.00 5.00 ie 130 1.45 1400 1850 
0.30 0.30 3.25 0.35 1450 2150 
0.25 0.20 4.00 0.35 15.00 1550 2350 

0.40 0.60 1.50 7.50 1550 

ae Presses, Preloaded Dies 

0.40 0.30 1.75 0.20 1550 2150 1100 

0.45 0.30 oon 2.75 1550 2200 1150 

0.55 0.25 1.25 1750 1100 
0.30 0.30 3.25 2150 1150 

ee: 0.55 0.30 0.40 4.00 1650 800 

0.30 0.40 1.00 5.00 1850 10 
= co 0.55 0.35 vie 4.00 1625 1000 

0.55 0.25 1.25 1200 1800 
0.30 0.30 3.25 1450 2150 
0.30 0.40 1.00 5.00 1400 1850 
eg 0.40 0.60 1.50 7.50 1550 2100 

0.55 0.25 1.25 1800 

0.30 0.40 1.00 5.00 1850 

0.40 0.60 1.50 7.50 2100 

0.40 0.60 
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ANHATTAN 
Abrasive Wheels 


remove metal fast— 
with minimum wear 


52nd YEAR 
\ 
\ 


FOUNDRY SNAGGING 


CENTERLESS GRINDING 


BEARING RACE FINISHING 


BILLET SURFACING 
CUTTING-OFF 


SEMI-POLISHING 


(Patent No. 2,122,691) 


Manu ATTAN Abrasive Wheels are special-purpose wheels, 
designed and tailored to your specific needs—never supplied from 
“shelf stock.” 


The job on which they are to be used is surveyed by experienced 
MANHATTAN engineers to determine not only the best abra- 
sive material of the right particle size ard cutting characteristics, 
but the correct bonds (rubber, resins of our own development, 
neoprene and other plastics) for the speeds, heat-dissipation and 
resistance to wear. 


That is why MANHATTAN Abrasive Wheels are sold direct to 
the user and why they are used in tremendous numbers by so 
many of the largest industrial establishments in the country to 
speed up both war- and peace-time production. 


Another important service includes suggestions for keeping your 
equipment in the best condition for the greatest efficiency and 
for maintaining safety in the plant. 


For cost-cutting, production-increasing information in the fields 


indicated, write to the ABRASIVE WHEEL DEPARTMENT. 
* * * 


When war-time restrictions are relaxed, you will again be able to get 
MANHATTAN V. D. B. (Vibration Dampener Bushing) WHEELS for port- 
able grinders. This patented feature (Patent No. 2,187,350) requires no 
changes in existing equipment and greatly reduces metal-cutting costs and 


increases grinding wheel life and operator efficiency on portable equipment, 


ABRASIVE WHEEL DEPARTMENT 


, THE MANHATTAN RUBBER MANUFACTURING DIVISION 


of RAYBESTOS-MANHATTAN, INC. 


| 
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these standards, shall be either 

“special” or “regular.” 

Special tolerances are those partic- 
ularly noted on the drawings or in the 
specifications, and apply only to the 
particular dimension or thing noted. 
They may state any or all tolerances in 
any way as occasion may require. Reg- 
ular tolerances apply in all other cases. 

Regular tolerances in general forg- 
ing practice are known as (a) “com- 
mercial standard,” for general forging 
practice, or (b) if extra work 
is desired involving additional expense 
and care in the production of forgings, 
“close standard” may be specified. 


aint doch within the scope of 


close 


Class I— Thickness Tolerances 


For drop hammer forgings, thick- 
ness tolerances shall apply to the over- 
all thickness measured in a direction 
perpendicular to the fundamental part- 
ing plane of the dies. 

For upset forgings, thickness toler- 
ances shall apply to the metal actually 
enclosed and formed by the dies, meas- 
ured parallel to the direction of travel 
of the ram. 


Thickness Tolerances in Inches 


Max. COMMERCIAL CLOSE 

WEIGHT [Manus | Pius | Minus} Pius 
0.2 | 0.008 | 0.024 | 0.004 | 0.012 
0.4 | 0.009 | 0.027 | 0.005 | 0.015 
0.6 0.010 | 0.030 | 0.005 | 0.015 
08 | 0.011 | 0.033 | 0.006 | 0.018 

1 | 0.012 | 0.036 | 0.006 | 0.018 

2 | 0.015 | 0.045 | 0.008 | 0.024 
3 0.017 0.051 | 0.009 | 0.027 
4 0.018 | 0.054 | 0.009 | 0.027 
5 | 0.019 | 0.057 | 0.010 | 0.030 
10 | 0.022 | 0.066 | 0.011 | 0.033 
20 0.026 | 0.078 | 0.013 | 0.039 
30 0.030 | 0.090 | 0.015 | 0.045 
40 =| 0.034 | 0.102 | 0.017 | 0.051 
50 | 0.038 | 0.114 | 0.019 | 0.057 
60 0.042 | 0.126 | 0.021 | 0.063 
70 | 0.046 | 0.138 | 0.023 | 0.069 
80 0.050 | 0.150 | 0.025 | 0.075 
90 «0.054 | 0.162 | 0.027 | 0.081 
100 | 0.058 | 0.174 | 0.029 | 0.087 


Class II— Width and Length 
Tolerances 


Width and length tolerances shall 
be alike, and are classified in three sub- 
divisions (a) shrinkage and die wear 
tolerance, (b) mismatching tolerance, 
(c) trimmed size tolerance. 

For drop hammer forgings, width 
and length tolerances shall apply to the 
metal actually enclosed and formed by 
the die, as measured parallel to the 
fundamental parting plane of the dies. 

For upset forgings, width and length 
tolerances shall apply to directions 
perpendicular to the direction of travel 
of the ram. 


Standard Tolerances for Forgings up to 100 Lb. 


Summary of Standards Adopted by Drop Forging Association, 1937 


II(a)—Shrinkage and Die Wear 


Class I1I—Draft Angle Tolerances in Degrees 


Tolerances 


See table below. These shall not 
be applied separately, but only as 
the sum of the two; they shall be 
measured in such a way as to elimi- 
nate draft or variation in draft. They 
apply to that part of the forging 


> ler 
Dror Foraincs | Upser Foren 
INSIDE 


Nominal angle 7 |7orl0 3 5 
Commercial limits | 0 to 10/0 to 13 Oto 5 9 to 8 
0 to8|0to8 |0to4 


Close limits 


formed by a single die block, and to 
no dimension crossing the parting 
plane. 


Shrinkage and Die Wear in Inches 


Class IV— Quantity Tolerances 


Any quantity shipped within the 
quoted limits of over-run or under-ry 


SHRINKAGE Die Wear shall be considered as completing each 
=- ———_|_E = release or part shipment of an order 
Lenctu| Com- | Crose | | Com- | Goce Limits are as fellows: 
OR MERCIAL : Net MERCIAL 
| or | Weicut oR — Quantity Tolerances 
1 in. | 0.003 | 0.002 | 1 Ib. | 0.032 | 0.016 
2in. | 0.006 | 0.003 3 Ib. | 0.035 | 0.018 out Over-RUN | 
3 in. 0.009 0.005 5 Ib. 0.038 | 0.019 
4in. | 0.012 | 0.006 | 71b. | 0.041 | 0.021 1to 2| 1 piece | 0 
5in. | 0.015 | 0.008 | 9 Ib. | 0.044 | 0.022 3to 5| 2 pieces | 1 piece 
6 in. | 0.018 | 0.009 | 11 Ib. | 0.047 | 0.024 6 to 19| 3 pieces | 1 piece 
20 to 29| 4 pieces | 2 pieces 
For each additional inch |For each additional 2 lb. 30 to 39| 5 pieces 2 pieces 
add | 0.003 | 0.0015) add 0.003 ; 0.0015 40 to 49) 6 pieces | 3 pieces| 
For example: For example: pieces | 
7 in. | 0.021 | 0.011 | 13 | 0.050 | 0.026 
12 in. | 0.036 | 0.018 | 21 | 0.062 | 0.031 to 010 
18 in. | 0.054 | 0.027 | 31 Ib. | 0.077 | 0.039 “| ° | 
24 in. 0.072 0.036 | 41 Ib. 0.092 0.046 100 to 199; 10% 0% | 
36 in. | 0.108 0.054 | 51 Ib. | 0.107 | 0.054 200 to 299 | 9% 45% 
48 in. | 0.144 | 0.072 | 71 Ib. | 0.137 | 0.069 300to 599} 8% 4.0% 
60 in. | 0.180 0.090 | 91 Ib. | 0.167 | 0.084 600 to 1,249 | 7% 3.5% 
1,250 to 2,999 | 6% 3.0% 
3,000to 9,999) 5% 25% 
II(b)— Mismatching Tolerance 10,000 to 39,999 | 4% 2.0% 
Mismatching is the displacement of a point 40,000 to 299,999 3% Lot 
: 300,000-- | 2% 1.0% 
in that part of a forging formed by one die 


block of a pair, from its desired position when 
located from the part of the forging formed in 
the other die block of the pair, measured in a 
projection parallel to the fundamental parting 
plane of the dies. It does not include any dis- 
placement caused by variation in thickness of 
the forging; mismatching tolerances are inde- 
pendent of and in addition to any others. 


Mismatching Tolerance in Inches 


ComMerciAL | CLOSE 
1 Ib. 0.015 | 0.010 
7 lb. 0.018 0.012 
13 lb. 0.021 0.014 
19 Ib. 0.024 0.016 
For additional 6 lb. 
add 0.003 0.002 
For example: 
37 Ib. 0.033 0.022 
55 Ib. 0.042 0.028 
79 Ib. 0.054 0.036 
97 Ib. 0.063 0.042 


Il(c)—Trimmed Size Tolerances 


The trimmed size shall not be greater nor 
less than the limiting sizes at the parting plane 
imposed by the sum of the draft angle tol- 
erances and the shrinkage and die wear 
tolerances. 


Class V—Fillet and Corner 
Tolerances 


Fillet and corner tolerances apply to @ 
intersecting surfaces even though drawings o 
models indicate sharp corners. If such draw 
ings or models have or indicate (even thoug 
actual dimensions are not specified) fillet 
corner dimensions of larger radii than the 
following standards, such larger dimensions 
shall be considered as actually specified and 
the tolerances shall be “special tolerances.” 

Where a corner tolerance applies on th 
meeting of two drafted surfaces, the toleranct 
shall apply to the narrow end of such meetiig 
and the radius will increase toward the we 
end. The total increase in the radius 
equal the length of the drafted surface 
inches, multiplied by the tangent of 
nominal draft angle. 


Fillet and Corner Tolerances 


Max. Ner Cress 
0.3 Ib. 3/32 | 
1 b. 18 1/16 
3 bb. 5/32 5/44 
10 bb. 3/16 32 
30 Ib. 7/3 7/64 
100 Ib. 14 |” 
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the New Welding Pub 
hat EVERY MAN 
welding SHOULD 


..and here is WHY you 
should send for it TODAY! 


EUTECTIC Low Temperature Welding is NEW! It is one of the 
most revolutionary welding developments of modern times and The 
Eutectic Welder is the only publication that tells you all about it. 


Welding at temperatures below the fusion point of base metals is 
made possible by employing the phenomenon of surface alloying. Joints 
welded with EUTECTIC Low Temperature Welding Rods are 
smoother, stronger, better color matched and more machinable than 
those obtainable by any other welding or brazing process. 


All metals can be joined by EUTECTIC Low Temperature Welding. 
No special skill is required. All standard methods of heating are em- 
ployed: gas—arc—furnace and others. 


Be the first to introduce the EUTECTIC Low Temperature Welding 
process and its great advantages into your company. Write for your 
copy of The Eutectic Welder TODAY! Fill in and mail the coupon or 
write on your company letterhead and your copy will be sent FREE 
by return mail. Thereafter you will receive it regularly every month. 


The Eutectic Welder is published by the Engineering and Research 
staff of the Eutectic Welding Alloys Company and is supplemented by 
valuable contributions from enthusiastic users in all fields of industry 
and manufacturing. 


EUTECTIC WELDING ALLOYS COMPANY, 40 Worth Street, New York 13, New York Room 1108C 


Originators of Eutectic Low Temperature Welding 

Please send me the latest issue of The Eutectic Welder and place my name on your regular mailing list. 
Name 

Company — Position 

Address City 
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EQUIPMENT FOR 


FLAME 
APPLICATIONS 


TORCHES for 


Brazing 

Flame Descaling 
Flame Hardening 
Flame Priming 
Hand Cutting 
Heating 

Lead Burning 
Machine Cutting 
Scarfing 
Soldering 
Underwater Cutting 
Welding 


REGULATORS for 


Aircraft 

Compressed Air 

Cutting 

Cylinder Manifolds 
Laboratories 

Liquefied Petroleum Goses 
Medical Gases 

Rare Gases 

Welding 


CYLINDER MANIFOLDS 
CYLINDER TRUCKS 


“It Costs Less to Own and to Operate Victor’ 


VICTOR EQUIPMENT COMPANY 


844 FOLSOM STREET, SAN FRANCISCO 7 


Distributing Points From Coast To Coast 
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Phase — Best applied to welding rod 
as a paste (suspension of powdered 
salts in water or alcohol). Sometimes 
applied as a dry powder or injected as 
a vapor into the welding atmosphere. 

Melting Point— Below temperature 
where an appreciable amount of oxide 
forms on base metal. 

Film — Uniform, quiescent, transpar- 
ent. 


General Flux Characteristics 


Density — Light and easily floated; no 
tendency to be trapped in weld metal. 

Viscosity at Welding Temperatures — 
Should be sufficient to keep the weld 
metal covered and protected from gas 
absorption and oxidation, but not so 
viscous as to prevent ready fusion of 
the welding rod and weld metal. 

Oxide Solvent — Should readily dis- 
solve base metal oxides as well as weld 


Oxy-Acetylene Welding Procedures 


Fluxes for Oxy-Acetylene Welding & Brazing 9 


By Houston E. Landis, Jr., and F. C. Saacke 
Apparatus Research & Development Dept., Air Reduction Sales Co., Jersey City, N. J. 


metal oxides and keep contact surfaces 
clean at welding temperatures, (Bay 
metal should practically always bh 
cleaned before welding.) 

Weld Appearance — All the above 
characteristics should combine to per 
mit the rapid deposition of a weld fre 
from oxides, flux inclusions, or gas 
pockets with smooth, clean surfaces 
free from overlaps or pits. 


| Fusion WELDING | BRAZING 
Base METAL > : 
Fitter METAL | FiILLeR METAL Fivx 
| | a) 
Lead Same as base metal N None 
Aluminum (soft) Same as base metal SR to N | Type A| Aluminum solder | NorR | None 
Aluminum alloy (wrt.) | Same as base metal SR to N | Type A| Aluminum solder | NorR | None 
Silicon-aluminum alloy | SRtoN | TypeA 
Cast aluminum | Silicon-aluminum alloy | SRtoN Type B 
Yellow brass Similar to base metal oO Type C| Silver alloy or phos-copper | SR toN | Type H 
Red or leaded brass | High zine brass (6b) N Type C| Silver alloy or phos-copper | SR to Ns Type H : 
Silicon bronze | Similar to base metal N to SO | Type C| High zinc brass (b) | N to SO | Type C 
Silver alloy or phos-copper | SR to N | Type H 
Copper | Deoxidized copper N None | High zinc brass (b) N to SO | Type " 
Silver alloy or phos-copper | SRtoN_ TypeH 
Nickel Same as base metal | R None _ | Silver alloy SR to N | Type 
Nickel-copper alloy Same as base metal N to SR | Type C| Silver alloy SR to N | Type 
Silicon-monel N to SR | None | 
Cast iron | Similar to base metal N | Type F | High zinc brass (b) NtoSO TypeE 
Malleable iron | White cast iron (c) NtoR | Type F) High zinc brass SO | 
Galvanized iron | .. | High zine brass (b) 'NtoSO Typec 
Carbon steel | Low carbon steel N None | High zinc brass (b) | NtoSO Type Cor 
| Low alloy steel SR None _ | Silver alloy |SRtoN Typel 
Alloy steel Similar to base metal SR None | Silver alloy -SRtoN Type 
Stainless iron & steel —_—_ Similar to base metal (d) N Type G| Silver alloy SR toN | TypeH 
High manganese steel Similar to base metal N to SR | None eee | wee . 


(a) 
N—Neutral 
O—Oxidizing 
R—Reducing 


SR—Slightly reducing 
SO—Slightly oxidizing 


Aluminum Rod 

Type A— An aluminum welding flux 
composed generally of alkali halides; 
characterized chiefly by the speed with 
which solid welds in sheet metal may 
be made with smooth fusion at the root 
of the weld and without pitting or dis- 
coloration on the surface. 

Type B — A modified aluminum weld- 
ing flux with additions of higher melt- 
ing point constituents like borates and 
other chemicals to provide greater slag- 
ging action as well as additional viscos- 
ity, resistance to oxidation, and pro- 
tection while making repairs in- cast 
alumiaum parts by puddle welding. 


Bronze Rod 
Type C—An “oxidizing” flux ordi- 
narily made with a boric acid base. It 
should form a thin but strong oxide film 
on the surface of the molten copper 


(b) High zine (38 to 44%) brass with additions of alloying 
elements such as tin, iron, manganese, silicon, nickel. 

(c) Fusion welding of malleable iron ‘should be followed by 
re-malleableizing heat treatment. 

(d) 18-8 stainless steels often alloyed and “stabilized” with 
columbium, titanium, molybdenum, tungsten. 


Specific Flux Characteristics 
alloy, thereby preventing gas absorp- 
tion and excessive oxidation. Recom- 
mended for clean or cleaned iron and 
steel surfaces, 

Type D— Where oxidized, rusty, or 
dirty surfaces are to be joined, an 
“oxide solvent” flux ordinarily made 
with a borax base and having a high 
solvent action for metallic oxides is rec- 
ommended. It should keep both the base 
metal and the molten puddle clean and 
bright. (Note: This flux will not give as 
good weld metal characteristics as the 
Type C flux applied to clean surfaces.) 

Type E—A “highly oxidizing” braz- 
ing flux designed specifically for 
removing carbon or graphite from the 
surfaces of cast iron. Usually contains 
an oxidizing component such as manga- 
nese dioxide. (Note: This flux often 
used with the Type C flux to provide 
the proper tinning action.) 


Cast Iron Rod 
Type F — Ordinarily mace 
borax base and containing a:kali 
to aid in fluxing the slag that forms 
cast iron. Should permit ready fus¢ 
of the welding rod and base metal wit 
out leaving gas pockets or inclusions 


Stainless Steel Rod 
Type G—A stainless steel welt" 
flux designed to permit complete fusi 
at the root of a weld without burni® 
The best test for a flux of ‘his type ®* 
coat the root of a butt joint with ™ 
paste and then observe the penetratl 
at the root after making the welt 
Silver Brazing : 
Type H—A silver “s jering” fas 


made from an alkali he 
borax or boric acid; gives the © 
and ferree 


results on both non-ferro 
alloys, including stainles 
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Underwater Welding, 


ud Welder js used for 
& studs with gun sub. 


See how the Nelson St 
salvage work. Weldin 
merged in salt water. 


Multi-gun Pro 


The latest developments 


stud welding. Complete] 
demonstrated. 


Y on DC current and 
only one cable. | t’s 


the answer to man 
trial production pro 


indus- 
blems, 


S$; loco. 
* Securing metal lath 
machinery manufac. 


motive cabs: 


and plaster; and heavy 
lure, ete, 


PLUS THESE Fea 


* Make perfec 


TURES... 


t welds yourself in less ¥ See samples of all the uses devel. 
than 4, second! oped to date for Nelson “Flux-filled” 
Studs. 
See Culaway yj 


ews of many kinds 
and sizes of studs! 


* Free samples of stud welding! 


~USED BY MORE 
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| NewDc Model J Stud Welder... 
requires 
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li 
New App ications... 
How stud welders are used on electrical] trans- | | 
rs 
| 


By Independent Research Committee on Cutting Fluids 


Class I, Ferrous, Rating 70% Plus 


Machinability Rating of Various Metals 


ACHINABILITY ratings are classed in four groups for 


<a irons and steels and two for non-ferrous alloys. Machin. 
Specimication (a) Ratine _ Banu ability is rated to nearest 5%, based on 100% rating for 
C1110 85% 137 to 166 A.LS.I. steel B1112, cold rolled or cold drawn Besseme, 
with suitable cutting Class III, Ferrous, 40 to 50% 
C1118 80 143 to 179 
© 1120 80 143 ta 179 fluid at 180 ft. per min. — 
C 1132 75 187 to 229] under normal condi- [SPECIFICATION RaTING | 183 to 241 
: coos 70 mad to me tions as to tool life and C 1008 (a) 50 
70 | 350 to surface finish. Hard- C 1010 50 
C 1016 70 137 to 174 . " C1015 50 
Bill 95 179 to 229 ness values indicate a C 1050" 50 
B1112 100 179to229] desirable range and C 1070° 45 | 
135 179 to 229] correspond to ordi- A 1320 50 | 170 
70 156to 2077 nary commercial deliv- A 1330° 50 | 179 to 233 
A 4027 70 166 to 212 A 1335° 50 | 179 to 233 
A 4119 70 170to 217} A 1340° | | 179t0 235 
Malleable (Ferritic) 100 to 250) 120 to 200 A 2330° | 50 | 179%0999 
: (Pearlitic) 70 | 190 to 240 *Denotes steel in mill- A 2340° 45 179 to 285 
Cast steel (0.35% C), 70 170 to 212 annealed condition. A 3240° 45 183 to 233 
Stainless “iron” (b)| 70 163 to 207 (a) Numbers denote A 4340° 45 | 187 to 24! 
A.LS.I. compositions, see A 6120 50 | 179 to 217 
Class II, Ferrous, Rat page 666. For NE steels A 6145° 50 | 479 to 235 
: see page 672. A 6152 45 183 to 241 
SPECIFICATION | RaTING | BriNELL (b) High chromium-iron A 9260 45 | 187 to 25; 
alloys, A.LS.I. Type No. 416 | NE 8442" 45 187 to 
Cil4i(a) | 65 | 183to 241 or 430F. NE 8447° 40 | 187 to 258 
C 1020 65 137 to 174 (c) Spheroidize annealed NE 8949° 50 =| 187 to 2% 
to (d) A.LS.I. Type No. 303; [| Wroughtiron| 50 101 to 13! 
to 18-8 of free machining type. [Stainless (d)| 45 | 179to 212 
C 1045" 60 | 179 to 229 50 160 to 19 
A 2317 | 55 174 to 217 
A 3045° | 60 179 to 229 : 
Rating 40% or Below 
A3130° 55 | 179 to 217 1a] 
A 3140° | 55 187 to 229 SPECIFICATION RATING RINEL! 
A 3145° | 50 187 to 235 A 2515° 30 =| 179 to 229 
A 4032° | 65 170 to 229 E 3310° 40 176 to 229 
A nine | 65 179 to 229 E 52100 (c) 30 183 to 229 
A 4042° +60 183 to 235 Ni-Resist* 30 
A 4047° | 55 183 to 235 Stainless 18-8° 25 | 
A 4130" | 65 187 to 229 Manganese oil hardening steel (c)| 30 | 
A4137" | 60 187 to 229 Toolsteel, low tungsten, 
A 4145° 55 187 to 229 chromium and carbon (c) 30 | 
A 4150 50 187 to 235 High speed steel (c) 30 
A 4615 65 174 to 217 High carbon, high chromium, 
A4640*° | 55 | 187to 235 toolsteel (c) 25 | 
A 4815 | 50 187 to 229 = 
A 5120 | 65 170 to 212 Class VI, Non-Ferrous, Rating 
) A 5140° 60 | 174 to 229 Class V, Non-Ferrous, Less Than 100% 
A 5150" 55 | 179 to 235 Rating Above 100% — 
NE 8024 60 | 174to 217 ALLOY Ravine 
NE 8124 | 55 | 174to217 Gun metal 
NE 8233° | 60 179 to 229 Magnesium alloys 500 to 2000 Bronze, manganese — 
NE 8339" | 60 | 179 to 229 Aluminum, 11-S (e) | 500 to ron Copper, cast 60 
NE 8620 | 60 | 170to217 2-S (e) | 300 to 1 rolled 
NE &630* | 65 | 179 to 229 17-S (e) | 300 to 1500 Nickel 1 
NE 8724 | 65 | 179 to 229 Brass, leaded 150 to 600 Monel metal, cast . 
NE 8739" 60 | 179 to 229 yellow 200 pa 50 
NE 8744" | 55 | 183 to 235 red 200 
NE 8749°* 50 =|: 183 to 241 Bronze, lead bearing | 200 to 500 Inconel | 60 
NE8817 | 60 | 170 to 229 Zinc 200 Everdur 
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Foundrymen, chemists, metallurgists, physicists — 
all might well find the constantly increasing use 
of complex alloys and patterns of intricate design 
a cause for additional “headaches”—and do in 
many instances where x-ray examination is not 


applied. 


Hundreds of progressive foundries and industrial 
laboratories, however, have found in this modern 
tool of industry an answer to these problems — 
cre insuring quality and increasing production 
through knowledge gained by radiographic 


inspection. 


Shrinkage, blow holes, porosity, slag inclusions, 
and numerous other defects, are all factors which 
consign many castings to the scrap heap—x-ray 
examination quickly reveals these faults. What's 
more important, it provides an easy-to-read 
guide for determining the correct technique to 
eliminate such defects—insures a greater yield 


of sound castings from a given melt. 


Also, of inestimabie value to many industries is 
the information to be obtained through the appli- 
cation of x-ray diffraction analysis—information 
that provides a solution for many of the problems 
encountered in the control and investigation of 


materials used in manufacturing processes. 


G-E X-Ray offers a complete line of industrial 
x-ray equipment, with a full range of power up to 
and including 1,©00,000-volts — shockproof and 
climate-proof equipment that provides the uimost 
in diacritic information. Designed and built ex- 
pressly for industrial use, each unit embodys 
strength and durability that insures a maximum 
of uninterrupted service. 

For the full story about G-E Industrial X-Ray Units, or 
to secure the services of experienced G-E Industrial 
X-Ray Engineers in applying x-ray to your problems, 
write or wire, today to: General Electric X-Ray 
Corporation, 2012 Jackson Boulevard, Chicago 12, 
Illinois, Department NI10. 


Bost Buy Bx 4S: Bonds 
X-RAY CORPORATION 


HARDNESS TESTER 
For “Rockwell Testing” 


The CLARK is an instrument of 
outstanding accuracy. It is built 
for years of trouble-free perform- 
ance. Its design has been specially 
engineered to enable simple re- 
pairs and adjustments for wear to 
be made in the owner’s own shop 
by competent mechanics using 
ordinary tools. 


The CLARK Hardness Tester 
comes to you complete with the 
following standard equipment: 


1. Telescoping cover for elevat- 
ing screw. 

2. Oil reservoir for elevating 
screw. 
Cover for instrument. 


3. 

4. 1/16” Hardened steel ball 
penetrator. 
1/8” Hardened steel ball 
penetrator. 


Diamond cone penetrator. 
Metal Dust Cover. 
Adjustable steady rest. 
Standard 3-1/2” anvil. 
Checking anvil. 

“V" anvil. 

Test Blocks. 


—_ 
PSPNPS 


Learn the truth about 
hardness testing. 
Write Dept. MP for 
this free book. 


CLARK INSTRUMENT, INC. 
10200 FORD RD. = DEARBORN, MICH. 


WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


Three-color chart of decimal equiv- 
alents. John Hassall, Inc. Bulletin 
458. 


Drop, hammer and upset forgings. 
Kropp Forge Co. Bulletin 534. 


Transue and Wil- 
Bulletin 535. 


Steel Forgings. 
liams Steel Forging Co. 


Heat and corrosion resistant cast- 
ings as engineered by Alloy Casting 
Company are described along with 
plant facilities in an interesting 20- 
page booklet. Bulletin 557. 

Cr-Ni-Mo Steels. A. Finkl & Sons 
Co. Bulletin 203. 


Industrial baskets, crates, trays and 
fixtures. Rolock, Inc. Bulletin 204. 


Handsome 12-page brochure pic- 
tures the cast steel breech rings and 
their advantages as produced by the 
Ohio Steel Foundry Co. Bulletin 515. 


“Mechanical Springs, Their Engi- 
neering and Design” is the title of a 
106-page handbook just issued jointly 
by the divisions of Associated Spring 
Corporation. Bulletin 481. 


Many types of heat treating and 
pickling baskets and containers are 
shown in new booklet by the Stan- 
wood Corp. Bulletin 445. 


Specifications and diagrams are 
included in description of welded 
rings and bands. American Welding 
& Mfg. Co. Bulletin 536. 


Complete line of Mallory radio, 
electrical and electronic parts, with 
sizes, dimensions and rated capac- 
ities is described in new 36-page 
booklet. P. R. Mallory & Co., Inc. 
Bulletin 448. 


Use Handy Coupon on Page 652 

for Ordering Helpful Literature. 
Other Manufacturers’ Literature Listed 
on Pages 652, 654, 656, 658, 660, 662, 664, 
666, 668, 670, 672, 674, 676, 680, 681, 688, 

892, 896, 897, 898, 988, 989 and 993. 


Metal Progress; Page 972 


“RA 
—the modern way to sp 
hidden trouble before 


«++ with 


it happens! 


Undetected, t 
blowhole in a 
aircraft cast 
might needles 
wreck a plane 


cost lives. X-ra 


the only foolpr 
method of looking inside highly stres 
parts to detect hidden defects and be 
off trouble before it happens. West 
house Industrial X-ray units are P 
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PYROMASTER 


A Self-balancing Potentiometer for 
Recording, Indicating and Controlling 
Industrial Processes 


Pyromaster Pyrometer Electric-Type Controller, 
door open and panel swung out 


ARTS ACCESSIBLE: All parts above. The slide wire and potentio- 
“yromaster are accessible even meter mechanism and, in the case of 
‘Ae instrument is in full opera- controllers, the control mechanism are 
he dial and recording mechan- mounted on the back of the panel. 
*¢ mounted on the front of a [Each part or unit can be serviced in 
reinforced steel panel, which place or removed without disturbing 
“swung outofthe caseas shown any other part. 


‘omplete facts in Bulletin P1200. Address 192 Bristol Road 
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The Bristol Co. of Canada, Ltd. 
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Bristol’s PYROMASTER Pyro- 
meters are available in the fol- 
lowing types of instruments for 
temperatures up to 3600 F. 


Electric-Type Controllers 
Air-Operated Controllers 
Single-Pen and Two-Pen 
Recorders 
Dial Indicators 
Time-Temperature Controllers 
Radiation Pyrometers 


THE BRISTOL COMPANY, Waterbury 91, Connecticut 


Bristol’s Instrument Co., Ltd. 
London, N. W. 10, England 


NEW FEATURES 
1, winged POM \ | 
2 standard Cell for acc” dness 
4, pigh-torav® motor for ruag® ometer- 
4 totally enclosed relays and 
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TEST CHAMBERS & 
COLD - TREATING 


Peratures tested 


mbers, an mperoture Controllers preven 
of varia it 
plating salts. 


Write for full details of cost-reducing Foxboro Instrumentation for any process 
in plant. The Foxboro Company, 52 Neponset Avenue, Foxboro, Mass., 
U.S. A. Also Montreal, Canada. Branches in principal cities. 


Visit Foxboro Booth B-114 at the National Metal Exposition 


INSTRUMENTS FOXBORO 


REG. VU. S. PAT. OFF. 
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The Audible Spectrum 
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